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FRANCIS DAY CURTIS 


rANCIS D. Curtis was born August 6, 

1888, at Portland, Oregon. His great 
grand-parents were covered-wagon pioneers 
of 1848, in Oregon. The Trask River in 
that state is named after his maternal great 
grandfather. Dr. Curtis claims that he 
bears the practically unique distinction of 
being also a descendant of an early colonial 
ancestor, who did not come over in the 
Mayflower. 

Dr. Curtis began his schooling in an un- 
painted, ungraded, one-room school, taught 
by his father, and located on the bank of the 
Columbia River near Astoria, Oregon. 
Later, in Portland, Oregon, he finished the 
elementary school (in those days, nine 
grades) and four years of high school. 
From each of these schools he was gradu- 
ated with “highest honors.” Between high 
school and college, he went to work in his 
brothers’ creamery, the first producing 
pasteurized milk in Oregon; and after a 
few months he took complete charge of the 
processing. 

In 1911 he received his Bachelor of 
Science degree, “Summa cum Laude,” from 
the University of Oregon, with a major in 
physics and minors in chemistry and edu- 
cation. He was elected a member of Phi 
Beta Kappa and Phi Delta Kappa. 

In 1915 he was married to Edith 
Clements who has actively collaborated with 
him in the writing of all his textbooks. 
The Curtises’ two daughters, Dorothy ( Mrs. 
Tom H. Kinkead) and Allison (Mrs. 
Charles L. Burleigh) have respectively 
three sons and a son and a daughter, rang- 
ing in ages from eleven to sixteen. 

Dr. Curtis began his teaching in his senior 
year at the University of Oregon, with one 
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After 


graduation he taught three years of physics 


class in the Department of Physics. 


and physiography in the Eugene, Oregon, 
high school ; nine years in four high schools 
in Portland, Oregon, in one of which, 
Franklin High, after three years, he was 
made Head of the Department of General 
Science and Biology, and two years later, 
Head of the Department of Science. During 
these years he rotated his teaching assign- 
ments, so that he repeatedly taught a cycle of 
all the science courses then commonly 
offered in metropolitan high schools. Also, 
for two years, he taught adult classes in 
chemistry in a night school. ‘This latter he 
considers the most difficult and frustrating 
teaching that he ever essayed. “I wore 
paths to the libraries between class nights, 
in my only-partially successful efforts to 
find the answers to the highly technical 
questions that my students asked.” 

Dr. Curtis completed his work for the 
A.M. degree at the University of Oregon 
in 1922. He entered Teachers College, 
Columbia University, in the summer of 
1923, and at the end of the following 
semester was honored with a fellowship. 
sy the end of the following summer session 
he had completed his work for the Ph.D. 
degree in secondary education under Dr. 
Thomas H. Briggs. 

In the fall of 1924, he joined the School 
of Education of the University of Michigan 
as Assistant Professor of Secondary Edu- 
cation and of the Teaching of Science, and 
as Head of the Department of Science in 
the University (of Michigan) High School. 
In the following years his responsibilities 
in the high school decreased until in 1933 
he was promoted to the rank of Professor 
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of Education and of the Teaching of Science. 
Thenceforth he taught full time in the Uni- 
versity of Michigan, but retained super- 
vision of the Department of Science in the 
University High School until 1950. 
the spring semester of 1933, he served as 


During 


acting principal of the University High 
School. 

During as many summers as were per- 
mitted by 
professor at various universities: California 
(Berkeley ), 1931 and 1948; Hawaii, 1936; 
Texas, 1938; Illinois, 1941 ; Colorado State 
Teachers College, 1942; Nebraska, 1952; 
California (Los Angeles), 1954. He has 
always regretted that when invitations came 
from Columbia, Chicago, and Harvard for 


his university, he was a visiting 


summer engagements his obligations to 
his own university did not permit him to 
accept. 

Altogether, Dr. Curtis taught all or parts 
of 45 consecutive years, of which 14 were 
devoted to full-time teaching in high 
schools; 10 to part-time teaching of high- 
school, and part-time, of university classes, 
and 21 to full-time teaching of university 
classes. 

Dr. Curtis 
American Association for the Advancement 


was made a Fellow of the 
of Science in 1932, a Vice-president and 
Chairman of Section Q of that association 
for the years 1948-49, and a member of its 
Cooperative Committee on the Teaching 
of Science in Universities and Secondary 
Schools, 1950-53. 
National 


search in Science Teaching, a member of its 


He was a charter mem- 
ber of the Association for Re- 
Executive Committee from its inception 
through 1934, and its third president, in 
1932. 


Science Section of the National Education 


In 1929 he became president of the 


Association, the section that later left the 
Na- 


tional Science Teachers’ Association. He 


parent organization and became the 


was president of the National Council of 
Flementary Science, in 1941. He served 
as science-curriculum consultant to the 
Denver and San Antonio schools as well as 


Also 


to many school systems in Michigan. 
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he accepted the invitation from the Uni- 
versity of Chicago to participate in their 
survey of the Battle Creek, Michigan, school 
system and (with Dr. Florence Billig, of 
Wayne State University) to report upon 
its science program. 

Dr. Curtis has long been acknowledged 
as the outstanding authority on research in 
As early as 1928 
he contributed a summary of research in 
this field to the report of the Committee (of 
the A.A.A.S.) on the Place of Science in 
the Schools. 


the teaching of science. 


From time to time since, he 
has contributed summaries and critical dis- 
cussions of investigations in the teaching 
of science in Science Education, The Jour- 
nal of Educational Research, School Science 
and Mathematics, and other professional 
Research Editor of 
1937-43. He wrote 
the chapters on research in this field for the 
Thirty-first Yearbook, National Society for 
the Study of Education, and prepared the 


journals. He was 


Science Education, 


sections dealing with the teaching of science 
in the four Research Bulletins, published 
by the American Educational Research As- 
sociation from 1934-45. 
of the Committee on Research of the Na- 
tional Association for Research in Science 


He was Chairman 


Teaching, and coincidentally Chairman of 
the Committee on Research of the United 
States Office of Education, 1947-53. 

His three volumes of Digests of Investi- 
gations in the Teaching of Science (pub- 
lished respectively, 1926, 1931, and 1939) 
earned him an international reputation. He 
planned, to prepare, after his retirement 
from the University of Michigan, two more 
volumes of Digests, but a nearly fatal illness 
forced his to abandon this plan. Because 
of the fundamental value of these compila- 
tions to scholars in the field of the teaching 
of science in this and other countries, the 
National Association for Research in Sci- 
ence Teaching, at their annual meeting in 
1957, planned to republish the initial three 
volumes. 

A substantial proportion of his more than 


two hundred articles in professional jour- 
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nals are reports of his researches. More- 
over, of his books, his doctoral dissertation 
reported a pioneer investigation, the iden- 
tification of scientific attitudes, and included 
a unique test of these attitudes, which has 
since had considerable use; the original 
statistical technique and formula presented 
in his “Synthesis and Evaluation of Subject- 
matter in General Science” has been used 
in doctoral dissertations in a number of 
universities; for his Investigations of 
Vocabularies in Textbooks of Science for 
Secondary Schools, he gathered data for 
nine years and included not only the find- 
ings of extensive studies of his own, but 
also data from 99 investigations, chiefly 
Masters’ theses that he had directed. His 
Teaching of Science in Secondary Schools 
of the North Central Association is the most 
extensive study of its kind ever made. 

Dr. Curtis has to his credit a substantial 
In 1912, in 


the Eugene High School he gave the first 


number of educational ‘‘firsts.”’ 


course of “Physics for Girls” in Oregon 
and also organized the first course of general 
In 1918 he published 
the first laboratory manual written for use 


science in that state. 


with any general science text then available. 
This manual (in a teachers’ and pupils’ 
edition) was the first of its kind not only in 
general science, but probably also in all 
In 1924 
he worked with the committee commissioned 


secondary-school science courses. 


by the Department of Education of the state 
of Missouri in planning what is believed to 
have been the earliest attempt to construct 
a course of general physical science. His 
work on the scientific attitudes reported in 
his dissertation was the first of its kind. 
Dr. S. Ralph Powers, writing in the 
Teachers College Record, in 1939 said of 
this investigation, that after fifteen years, 
it was “still a classic.” Dr. Curtis pub- 
lished the first attempt to identify the ele- 
ments of scientific method as distinct from 
the scientific attitudes, and this identifi- 
cation was carried out with scholarly com- 
pleteness later in the Dissertation of Dr. 


He in 


Oreon Keeslar, which he directed. 
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vented a modified form of the Multiple- 
response test and established the superiority 
of this modified form over the conventional 
one, in his report of an extensive investiga- 
tion, the findings of which have since re- 
mained unchallenged. In collaboration with 
a colleague, Dr. H. Y. McClusky, he pro- 
duced extensive evidence, also unchallenged 
since, establishing the superiority of a then- 
new modified form of the true-false test over 
the conventional form. 

Dr. Curtis is widely known as one of the 
authors of nine high-school textbooks of 
general science and biology, published be- 
tween the years, 1929-58. Of these texts, 
two have been translated into Braille, one 
into Portuguese for use in Brazil, one in 
Irakian, and one in Tamel. The first of 
these general science texts was adopted for 
use in the Philippine Islands, where it was 
the adopted textbook in the field from 
1932-1941 and from 1945 to 1951. 

Dr. Curtis’ leadership in the field of the 
teaching of science has been firmly estab- 
lished not only by the important offices that 
he has held and his extensive writings (as 
briefly reported above), but also for his 
special services to organizations outside the 
field of the teaching of science. In 1926 
and 1927, he wrote the chapters on the 
teaching of science for the fourth and Fifth 
Yearbooks of the National Education As- 
sociation. He was a member of the two 
committees that prepared respectively the 
Thirty-first and the Forty-sixth Yearbooks 
for the National Society for the Study of 
Education ; also, he contributed the chapter, 
“Diagnosis and Remedial Treatment in the 
Field of Science” for the Thirty-fourth 
Yearbook of that society. He contributed 
the chapter on the teaching of science in the 
Joint Yearbook of the American Educa- 
tional Research Association and the Depart- 
ment of Classroom Instruction (1938). 
Also, he wrote the sections on tests in 
science for the Mental Measurements Y ear- 
books of 1938 and 1940. 

Biographies of Dr. Curtis have appeared 


in the volumes of American Men of Science 
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since 1926, in Who’s Who in America since 
1932, in Biographical Encyclopedia of the 
World, 1946, and in World Biography, 
1954. 

Dr. Curtis’ philosophy of teaching science 
is expressed in three major objectives that 
he considers fundamental to every course 
of science at every level: (1) To develop 
a functional understanding of scientific 
principles. (Such an understanding of a 
principle is functional when the learner 
can apply it in everyday problems appropri- 
ate to his level of maturity, ability, and ex- 
perience). (2) To develop in every indi- 
vidual an understanding of, and the ability 
to use, the elements of scientific method in 
solving problems that are appropriate, like- 
wise, to his level of maturity, ability, and 
experience. (3) Through explanations and 
applications of the scientific attitudes, to 
develop these attitudes in every individual 
to the maximum extent practicable. During 
Dr. Curtis’ twenty-nine years at the Uni- 
versity of Michigan, permanent contribu- 
tions in the form of identification, refining, 
and implementation of these basic objectives 
were made under his guidance in the disser- 
tations of Drs. Martin, Keeslar, Wise, Irish, 
Blanchet, Miles, Mallinson, and Smith. 
Dr. Curtis believes that the greater the 
teachers’ success in implanting and develop- 
ing the scientific attitudes in all their classes 
(those in other fields as well as in science), 
the greater is the likelihood of peoples’ ulti- 
mately becoming emancipated from intoler- 
ance, provincialism, gullibility, superstition, 
prejudices, the tendency to make snap judg- 
ments, and the propensity to be influenced 
by false or absurd propaganda. 

Dr. Curtis is a militant advocate for the 
inclusion of individual pupil experimenta- 
tion in every science course, from the 
earliest elementary-school grades upward. 
He is firmly convinced that in science 
courses even through the junior college 
there is too much reading about science and 
far too meagre opportunities for engaging 
directly in investigations of scientific prob- 
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lems appropriate to these respective levels. 
He believes that a course with even only 
one experiment performed, not in pairs or 
in groups, but individually by every pupil, 
is better than that same course could be 
made without that experiment. He believes 
also that demonstrations skillfully performed 
are indispensable in every science course. 
In short, the greater the opportunities pro- 
vided for the pupils to observe and to ex- 
periment, with the teacher’s encouragement, 
help, and supervision, the better the course 
is almost certain to be. 

Hobbies? Dr. Curtis says that he has not 
yet had time for them. “But some day, I 
hope to graduate from being just an accumu- 
lator, to becoming a collector of United 
States stamps. Then, too, I’d like to try 
writing children’s books and even a few 
songs (in 1917, he wrote the words and 
the music for that year’s official Rose Festi- 
val song ( Portland, Oregon) ).” 

Through the years Dr. Curtis has been 
one of the writer’s most appreciated and 
loyal friends. His loyalty and devotion to 
N.A.R.S.T. and Science Education have 
continued down through the years and have 
meant so much to each. 

When the history of science education 
in the middle half of the Twentieth Century 
has been evaluated finally, the name of 
Francis Day Curtis will be at the very top. 
All education, but especially science educa- 
tion is forever indebted to him for setting 
very high standards in doctoral research 
work. A research study carried out under 
the supervision of Dr. Curtis was always 
of the highest quality and standard. No 
so-so research studies ever gained his ap- 
probation. The standards set by Dr. 
Curtis for research in science teaching are 
likely to remain the standards through the 
foreseeable future. Thus the future and 
the present ever remain debtor to the past. 

Accordingly it is a high honor to make 
the Eighth Science Education Recognition 
Award to Francis Day Curtis. 

CLARENCE M. PRuIT1 
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FIFTH ANNUAL REVIEW OF RESEARCH IN 





SCIENCE TEACHING * 


ELLswortH S. OBourN 
General Chairman, Specialist for Science, United States Office of Education, Washington, D. C. 


LILLIAN H. DARNELL 


Chairman, Elementary Level, Drake University, Des Moines, Iowa 


GeorGE Davis 


Chairman, Secondary Level, University of Maine, Orono, Maine 


EpwArD K. WEAVER 


Chairman, College Level, Atlanta University, Atlanta, Georgia 


GENERAL OVERVIEW 


een annual review of the research in 
science teaching is the result of a joint 
effort between the National Association 
for Research in Science Teaching and the 
United States Office of Education. It con- 
tains reports of published studies obtained 
from a meticulous search of the pamphlet 
and periodical literature between July 1955 
and July 1956. It also contains reports of 
unpublished studies obtained from returns 
of an inquiry sheet mailed annually by 
the U. S. Office of Education to more than 
1,200 institutions where graduate work is 
in progress. 

The studies included in this report have 
been carefully evaluated and selected by 
the application of a set of criteria which 
were formulated by the National Associa- 
tion for Research in Science Teaching. 
This work was carried out by three 
committees, one for each school level, 
elementary, secondary, and college. Thus, 
somewhere near forty individuals have 
participated in and contributed to this 
undertaking. 

The report has the merit which derives 
from a cooperative undertaking involv- 
ing a large number of people. It also re- 
flects the limitations of such a venture inas- 
much as it permits a rather wide latitude 
for the exercising of individual judgments. 
The committee, in submitting this report, 

*A joint project of the United States Office 
of Education and the National Association for 
Research in Science Teaching. 
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is fully aware of all the weaknesses and 
limitations inherent in the procedures used. 

The three committees reviewed the issues 
of about fifty magazines which, from time 
to time, have carried research on science 
teaching. The work was limited by the 
fact that in both the published and unpub- 
lished studies the committees, for the most 
part, were working with secondary sources 
such as abstracts and articles and not with 
the original documents. The chairmen of 
the three level committees and the general 
chairman accept full responsibility for 
errors of categorizing and errors of inter- 
pretation in the application of the criteria. 
Studies which were eliminated in the proc- 
ess of evaluation may have been poorly 
represented by the abstract or article 
which was reviewed. 

In the preparation of this report the 
research for the past decade has been re- 
viewed in an attempt to discern any trends 
er patterns. While there are some studies 
oi landmark significance which may be 
identified over the past decade, it is unfor- 
tunate that there are so few of these. 

At a time when science and technology 
are playing such a significant part in the 
life and culture of our times, much of the 
research in science education lacks a broad 
and comprehensive plan. However, al- 
though a considerable amount of research 
in science education is unpatterned and 
makes but fragmentary contributions to 
the basic concerns and tends to deal with 
peripheral fringes of the major problems, 


there is some evidence that progress is 
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being made in the direction of a more pat- 
terned research program. 

Downing, and later Curtis, employed a 
team approach in the identification of the 
Curtis also used 
this procedure in his research on science 


basic science principles. 
vocabularies. Powers, over a number of 
years, made significant contributions to 
science teaching in the area of basic science 
concepts and their social implications. 
Pieper and later Barnard have used a basic 
team attack on problem solving. Mallinson 
has also used a plan of patterned team 
research in the study of the New York 
Regents. Perhaps this procedure offers 
some promise for the future as a technique 
to be applied in an attack on broad and 
basic problems of science teaching. 


PLAN OF REPORTING 


In the pages which follow the reader will 
find in Section I the summary of the re- 
search for the elementary level, followed 
by that for the secondary level, and finally, 
the summary for the college level. 

Section II contains in the same order, a 
statement of the areas where little or no 
research has been reported, and sugges- 
tions for needed study. 

Section III contains three separate bibli- 
ographies of the reported studies; one for 
the elementary level, one for the secondary 
level, and one for the college level. In the 
body of the summary, reference to specific 
studies is made by a letter and number 
“lo, 01, 


listed in the bibliography for the elementary 


which indicates the fifth study 


level. A listing of “|S 4]” would refer to 
the fourth study listed in the bibliography 
for the secondary level and “[C 8]” would 
mean the eighth study listed in the college 
bibliography. 


SECTION I 
An Examination of the Current Research 
in Science Education 
A. Research at the Elementary School 
Level 
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The Committee: Lillian Hethershaw Darnell, 
Chairman; Charles K. Arey, J. Myron Atkin, 
Clyde Brown, Charles E. Burleson, Robert H. 
Cooper, Julian Greenlee, Willard Jacobson, 
Jacqueline Buck Mallinson, Ida Beth Schultz, 
Hanor A. Webb. 


The current survey of the research at 
this level includes nineteen studies reported 
by the committee. This represents a slight 
increase in the number reported at the ele- 
mentary level in the last survey. Of these, 
seven have have been classified as curricu- 
lum studies, nine as learning studies, and 
three as teacher training studies. 


1. Studies Related to the Curriculum 


Some research has been done in an at- 
tempt to determine at what age or grade 
level certain scientific principles should be 
presented to children and at what age or 
grade the highest level of understanding 
takes place. 

A study in this area has been completed 
by Loughheed [E 7]. He determined the 
modal age level for grades four and six, 
of the difficulty of the science principle, 
“The more rapid the vibrations of the 
sounding body, the higher is the pitch of 
the sound it produces.” Twelve classes in 
seven schools, comprising 379 students 
from grades four and six, were used in 
the study. A pretest on the principle was 
given. Half the students from each grade 
made up an experimental group. These 
were taught the principle under study by 
means of a_ lecture-demonstration class 
about twenty minutes in length. Both con- 
trol and experimental groups were retested 
(by thirty objective questions). The re- 
sults were analyzed to determine the 
amount of learning at the two grade levels. 

The major results were: (1) the pupils 
in both groups (4th and 6th) made gains 
in the learning as a result of experiencing 
the demonstrations compared with slight 
gains in the control groups; (2) the prin- 
ciple (as demonstrated and tested) is too 
difficult for the 4th grade level which 
showed 17 per cent mastery; (3) the prin- 
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ciple might be learned by the sixth grade 
level which showed 48 per cent mastery— 
but no safe prediction could be made since 
this is below 50 per cent mastery level. 
It is suggested that further sampling at 
grade levels five and seven or six and 
eight be made. 

Murray [E 11] studied “the principles 
of physical and biological sciences found 
in five textbooks of geography for grade 
He set out to find the scientific 
principles mentioned in the average 8th 


eight.” 


grade text and to see what areas of corre- 
lation exist between science and geography. 
Leonelli’s list of 186 science principles 
was checked against selected geography 
texts. Thirty-eight principles appeared in 
each of the books: The conclusion reached 
was that there are enough principles com- 
mon to both geography and science at the 
&th grade level to constitute a core upon 
which to build workable and efficient units 
covering both geography and science. 


Schultz [E 16] used an area of environ- 
ment for subject matter learnings to help 
the child understand his relation to his 


“ 


environment “a way of developing chil- 
dren’s understanding of ecology.” The 
problem consisted of finding ways to help 
children and teachers to develop greater 
awareness and appreciation of the dynamics 
of ecology and to demonstrate that ecologi- 
cal principles are inherent in the democratic 
process and the nature of the learning 
process. 

A study of a water-hyacinth community 
was developed with two groups of chil- 
dren, a second grade and a sixth grade. 
Suggested ways of working with children 
for the development of ecological concepts 
were used together with resource materials 
to guide children’s study of a_water- 
hyacinth community. No conclusions were 
sought or expected, but way was left open 
for testing the process and material. The 
study indicates a way to develop worth- 
while subject matter learnings in such a 
manner as to promote growth of under- 
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understanding of one of man’s most basic 
and continuing problems, his relation to 
his environment and an understanding of 
interdependence and interaction of physi- 
cal and biotic components of the universe ; 
that can have aesthetic and practical sur- 
vival value. 


Suitable and appropriate science content 
in both text and reference books to serve . 
the needs of children in the elementary . 
schools is one of the essentials for a satis- 
factory science curriculum. 

Knight |E 6] made a study of supple- 
mentary science books, “a selected anno- . 
tated science bibliography of elementary 
reading for grades one, two, and three.” 
A comprehensive survey of educatonal 
literature pertaining to teaching science in 
the primary grades gave information as 
to the broad areas of science from which . 
suitable topics were selected, and also cri- 
teria for the selection of supplementary 
science books. Annotations were prepared 
for 190 books (science readers) selected on 
a basis of timeliness, scientific significance, 
style, illustrations, and typography. Most 
of the books were published since 1950. 

This bibliography should help primary 
teachers to select supplementary readers 
and also help librarians in their choice of 


be I ks. 


Eriksen [E 4] made a study in the area 
of conservation, “a study of conservation 
activities in the outdoor education pro- 
grams in California.” The objective was 
to provide a broad picture of conservation 
activities which are incorporated in pro- 
grams of outdoor education in California. 
Some of the findings indicated that: 
(1) in most programs including conserva- 
tion, the activities tended to be too remote 
from children’s immediate experiences ; 
(2) “Camper surveys of resources and 
needs of camp site should receive greater 
attention and become basic for planning 


specific projects”; and (3) suggestions for 





developing activities having an ecological 





and therefore a conservation approach. 
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Smith’s [E 17] comparative study “of 
the nature programs in Agency girl's 
camps” was an investigation of the nature 
programs and the philosophies behind them 
in certain summer camps for girls. It was 
apparent that there was a definite desire 
on the part of the directors to make nature 
lore the core of their respective programs. 
Weaknesses and strengths in various pro- 
grams were identified and recommendations 
were made to camp directors concern- 
ing certain items for consideration in im- 
proving the programs. There is a need for 
improved leadership and improved nature 
programs in the Agency camps in this area 
of California. 


Vincent’s [E19] study “of the science 
program and its improvement in the white 
of Colquitt 
Georgia,” was an attempt to determine 


elementary schools County, 
present practices and ways of improvement 
during the school year of 1955-56. Char- 
acteristics of a good elementary science 
program were determined from a review 
of current research and literature. Criteria 


for analysis were established. The study 


of actual programs indicated a need for 
better application in teaching of present 
knowledge of child development and the 
learning process. Recommendations con- 
cerned equipment; better use of the im- 
mediate environment; more direct experi- 
ences and less dependence on textbooks; 
increase and improvement of in-service 
teacher education; and more attention to 
the physical sciences. Although these defi- 
nitions and findings are neither new nor 
surprising, they constitute a useful sum- 


mary of current thought on the subject. 


2. Studies Related to Learning 


One of the more important educational 
problems today, as well as in the past, is 
concerned with the conditions under which 
optimum learning takes place for each pupil 


and the different aids to learning. Most 
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science educators agree that science text- 
books are important factors in the learning 
Mallinson, Sturm, and Mallin- 
son [E 8] conducted a study to determine 
“the reading difficulty of the unit-type 
The 
problem was to analyze a sampling of the 


process. 


textbooks for elementary science.” 


unit-type textbooks in order to determine 
The 
method employed was to request from the 


their levels of reading difficulty. 
publishers of unit-type textbooks a sam- 
pling of the publications they believed to 
bé among the best in their listings that 
they deemed usable at 4th, 5th, and 6th 
grade levels and then to apply the Flesch! 
formula in determining the levels of read- 
ing difficulty of textbooks received. 

The findings and conclusions are: (1) if 
teachers have found textbooks. of elemen- 
tary science generally too difficult, they are 
not likely to find the unit-type texbook 
much better if they use them at the grade 
levels suggested by the publishers; (2) the 
textbooks may be used, in so far as reading 
difficulty is concerned, at higher grade 
levels; (3) it is easier to shift these pam- 
phlet-type materials to suit reading abilities 
than it is to shift conventional textbooks: 
and (4) there is less likely to be integra- 
tion among the areas dealt with in the unit- 
type textbooks than among the areas found 
in conventional textbooks. 

Atkins’ [E 1] study concerns “an analy- 
sis of the development of elementary school 
children in certain selected aspects of prob- 
lem-solving ability.” 

Tape recordings were taken at three 
grade levels; one, three, and six. The chil- 
dren expressed hypotheses of their own 
after a science learning experience. Re- 
sponses were grouped into categories, and 
statistical tests were applied. 

The important findings were: (1) chil- 
dren in the lower grades relied on their 
own experiences more in formulating hy- 
potheses; (2) those in the upper elemen- 
tary grades depended more on authority; 

1Flesch, Rudolph. The Art of Plain Talk. 
New York: Harper Bros., 1946, p. 197. 
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(3) children in the lower grades suggest 
more tests for their hypotheses than do 
children in the upper grades; and (4) chil- 
dren in “permissive” classrooms tend to 
suggest more hypotheses than children in 
less “permissive” classrooms. 


Rimoldi [E 14] carried out a study to 
“find a technique for the study of problem 
solving.” A testing technique was devel- 
oped to analyze the process of thinking 
rather than its end product. The experi- 
mental tests concerned medical students 
and were administered to medical students. 
The examinee was requested to solve a 
certain problem by asking questions which 
he judged will give him information neces- 
sary for the solution of the problem. Ques- 
tions which examinees might wish to ask 
were written on cards. 
questions were on the backs of the cards. 
Other questions, not pertinent to the prob- 


Answers to the 


lem are included in the group. The cards 
were placed in slots on a board and thus 
presented to the examinee in a way which 
permitted him to scan the questions. 

The examinees were instructed to select 
questions which seemed to lead most di- 
rectly to the solution of the problem. The 
test was over when the examinee reached 
a solution or did not wish to ask more 
questions. 

The more significant findings in scoring 
the test were: (1) the most acceptable 
sequence of questions; (2) is the number 
of questions asked by the examinee a suit- 
able criterion for judging his skill in prob- 
lem solving ?; and (3) does the least num- 
ber of questions always represent the most 
direct route or the best route to the 
solution 7 

The implication for science educators is 
that with increased emphasis on the teach- 
ing of problem solving, this technique could 
be adapted to evaluation of pupil progress 
in problem-solving ability in science at any 
level. 


Martin [E 10] carried on an experi- 
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ment to discover the relation of “commu- 
nity resources and the use of the tape 
recorder.”” The problem was to find ways 
to bring resources into the classrooms when 
taking field trips and securing speakers is 
impossible. Information was worked out 
by teacher-pupil interview and_teacher- 
pupil follow-up. It was shown that the 
tape recorder is very satisfactory and suc- 
cessful as an aid in teaching, so far as 
the elementary grades are concerned. It 
brings out well the value of student-teacher- 
planning and the value of much student 
participation. The tape recorder is a valu- 
able aid in communication when familiariz- 
ing the pupil with his environment. The 
study describes in detail a way of teaching 
the value of community resources. Also, 
the value of the tape recorder in promoting 
good public relations between school and 
community is brought out in the study in 


a very concrete way. 


Another study to find improved methods 
of teaching science in the elementary school 
was carried out by Stefaniak[E 18] “a 
study of the effectiveness of two methods 
of teaching science in grades four, five, and 
six.” The study was an attempt to deter- 
mine whether teachers taught by the lec- 
ture-demonstration method did a more 
effective job of teaching than those teachers 
exposed to individual laboratory method. 
The investigator established experimental 
and control groups (in-service teachers, 
grades 4, 5, and 6) and centered instruc- 
tion around a selected list of 40 principles 
of science. Pupils of each group were pre- 
tested and post-tested to determine gains 
or losses in interest, attitudes, and science 
subject matter. 

Results seem to favor the teaching of 
those instructed by the individual labora- 
tory method, though the differences do not 
seem marked. The study revealed that 
pupils scored higher on attitudes post-test 
than attitudes pretest although no specific 
effort was made to teach for attitudes. 
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3utcher’s |E 2] study concerns “an ex- 
perimental comparison of the unit and tra- 
ditional methods of teaching science in the 
sixth grade.” 

The purpose of the study was to deter- 
mine whether children taught by the unit 
method attain greater achievement in lan- 
guage, social studies, and general study 
skills than those taught by the traditional 
method. 

Two comparable groups selected from 
42 children were established. The children 
were tested in September as a means of 
establishing bases for determining growth. 
Tests used at this time and again in May 
were: the Stanford Achievement, the Cali- 
fornia Science, the Otis Quick Scoring 
Mental Ability Tests, and tests constructed 
by the teachers. 

The findings were: (1) children taught 
by the unit method made more gain in 
each area than those taught by the tradi- 
tional method. (2) The unit method in 
science results in a more thorough knowl- 
edge of the basic facts, in a greater im- 
provement in all areas of the curriculum, 
and it is superior to the traditional method 
in the development of study habits. 


In Ross’ |E 15] study, “science for the 
retarded,” objectives and philosophies of 
education for retarded children were set up 
using science as a medium. The conclu- 
sions based on observations and interviews 
with other teachers were: (1) in many 
respects education for the retarded child 
is based on the same philosophy and has 
the same objectives as education for the 
normal child; (2) the same basic laws 
of learning hold; (3) science experiences 
help them to be better prepared for life; 
(4) science has vocational and avocational 
implications; and (5) their present under- 
standings are points of departure for new 


learning experiences. 


Onstead’s |E 13] study “science for the 
retarded children in elementary schools” 
was an attempt to find effective ways to 
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teach science to the mentally retarded. 
Selected research and other materials was 
analyzed and evaluated. Resource units 
were organized in which science material 
was adapted to the requirements of the 
mentally retarded. These include units on 
animals, plants, solar system and stars, sur- 
face of the earth, air and weather, .forms 
of energy, and machines. Some of the con- 
clusions reached were: (1) experiences 
should help these children to develop habits 
of more careful observations; (2) experi- 
ences should be made objective by using 
concrete materials; and (3) activities 
should be related to every day experiences 
of the children. 


O’Day’s [E 12] study concerned the in- 
tegrating of fifth-grade science and certain 
club activities. It was an attempt to find 
if there could be an integration of the work 
of a club (nature of club unspecified) with 
a workable science »rogram in the fifth 
grade. Six units of work were developed 
based on the publications “Adventures in 
Science with Jack and Jill.” 
shows that whenever teachers put their 


The study 


minds and efforts to making science mean- 
ingful to children, benefits such as desirable 
attitudes, increased science knowledge, 
more sustained interests, and positive in- 
tegration may result. 


3. Studies Related to Teacher Training 


What type of College preparation do 
prospective teachers of elementary science 
need in order to teach science effectively 
in the elementary grades? Mallinson and 
Sturm [E 9] made a study to find the 
“science backgrounds and competencies of 
students preparing to teach in the elemen- 
tary schools.” 

The purpose of the investigation was: 
(1) to determine the background and 
knowledge of the subject-matter of science 
possessed by elementary student teachers 
who were completing their training in the 
schools in which the investigators were 
employed; (2) to determine their attitudes 
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and opinions concerning certain aspects of 
their preparation for teaching science; and 
(3) to compare subject-matter competence 
in science with that of certain groups of 
high school pupils. 

Methods and 
(1) a questionnaire that would determine 


techniques used were: 
(a) extent of training in subject matter 
of science that elementary student teachers 
possessed, (b) attitudes of elementary stu- 
dent teachers toward the various fields of 
science, (c) attitudes toward survey sci- 
ence courses at the college level, (d) esti- 
mates of their own competence to teach 
elementary science; and (2) amount of sci- 
ence that they expect to introduce into 
teaching. (Data collected on elementary 
student teachers from two schools, 56 from 
school A and 91 from school B, and com- 
piled into eight tables.) 

The more pertinent findings were: (1) 
that the concept of elementary student 
teachers both as to the scope and depth 
of subject-matter knowledge required to 
teach elementary science is wholly inade- 
quate; and (2) that teachers preparing 
to teach elementary science need survey 
courses in college science to fill some of 
the gaps in their subject-matter prepara- 
tion and to provide a more well-rounded 
program covering the physical as well as 
the biological sciences. 

Two important recommendations made 
in this study are: (1.) that an extensive 
study be made to determine the subject- 
matter preparation in science that is desir- 
able for those who are preparing to teach 
in the elementary schools; and (2) that 
an effort be made to provide those who 
are preparing to teach in the elementary 
school with both an adequate and _bal- 
anced program in college science, which 
will appeal to such students, and with pro- 
visions necessary to scheduling an adequate 


program. 


A large number of studies have been 


made to determine types of training 


teachers are receiving today. Chamber- 
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fain’s [E 3] 


and status of teacher education in the field 


study of “the development 
of science for the elementary school’ sets 
out to: (1) determine trends in both pre- 
service teacher education in science for the 
elementary school; (2) to find problems 
which teachers face in the teaching of sci- 
ence in the elementary school; and (3) to 
determine implications of value to teachers, 
educators, and boards of education. 

Two methods used were: (1) a study 
of over a thousand college catalogues to 
determine trends in course offerings; and 

2) questionnaires sent to teachers having 
extensive preparation in elementary school 
science. 

The more significant findings are: (1) a 
thorough study of college catalogues re- 
vealed that of 765 colleges training elemen- 
tary teachers, 442 list courses in elementary 
science. More public than private institu- 


tions offer such courses. In the group 
which offers elementary science, the mean 
number of required semester hours of all 
science is 9.21, 
that the 


courses. 


Only 80 schools required 


science courses be laboratory 
Agencies influencing the offering 
of elementary science courses are educa- 
tion department faculties, 


state depart- 


ments of education, and science department 
es have 


faculties. 
28, the 


Although a few colleg 
been offering such courses since 1‘ 
rate of origin of the courses increased 
most sharply just before and just. after 
World War II. 

(2) A portion of the questionnaire to 
authorities in the field applied to pre-service 
The 


An increase 


training of elementary school teaching. 
majority opinion is reported. 
im semester hours of academic and profes- 
Also 


desirable is the development of specialists 


sionalized science courses is desirable. 
in elementary school science. A broader 
treatment of academic science is increasing 
as is the frequency of offerings of profes- 
sionalized courses. The authorities thought 
that higher certification requirements in 
elementary school science are desirable. 


(3) Types of in-service education in- 
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vestigated are summer school courses, con- 
sultant service, local school workshops, ex- 
tension courses, demonstration teaching. 
About half of the colleges polled are offer- 
ing at least some of these services and 
intend to continue and/or improve their 
programs. The opinion of the authorities 
was that all of these types of in-service 
training are increasing and represent im- 
portant problems faced by teachers, school 
systems, and institutions. 

(4) Teachers show an increasing desire 
for workshops, supervisory and consultant 
service, extension courses, and access to 
science education publications. Teachers 
continue to face problems of time, space, 
equipment, and library resources. They 
feel that the 30 to 
35 is too large for individual and small 
group activities. Both the authorities and 
teachers felt that if teachers are adequately 
prepared in science, their problems related 


usual class size of 


to actual teaching are fewer. 

Some implications and recommendations 
are: (1) there is a clearly defined trend 
toward the inclusion of more academic and 
the 
pre-service training of elementary school 


professionalized science courses in 
teachers. There is a growing demand for 
in-service training. If more science is to 
be taught in the elementary schools and if 
teachers are to receive more training, indi- 
viduals and agencies responsible for policy 
making and the financing of programs 
should take more positive action than is 
now evident ; (2) there is a need for studies 
of the professionalized science courses for 
elementary teachers to determine what is 
included in them and how effective they 
are. Such studies would, of course, con- 
tribute to the improvement of courses; 
and (3) academic science courses should 
be critically examined and reoriented to 
make them more meaningful to future ele- 
mentary teachers as well as to other non- 
science majors. Local school systems need 
to expand their own in-service programs. 
Colleges are not adequately staffed to sup- 
ply the growing demand. 
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In summarizing, the value of this study 
is that it offers definite statistical support 
to impressions and opinions now held by 
many science educators. Despite defi- 
ciencies of space, time, materials, equip- 
ment, teacher-know-how, and administra- 
tive support, the agencies able to provide 
leadership in science education are becom- 
ing more aware of the problems and are 
making some progress in dealing with them. 


The purpose of Goehring’s [E 5] study 
“the status of science instruction in the 
one-teacher rural schools in certain selected 
counties in Minnesota” was to determine 
the present (1953-54) status of science in- 
struction in the one-teacher schools through 
questionnaires and visitations. 

Some of the findings are: (1) 33 per 
cent of the teachers had a course in elemen- 
tary science methods; (2) about 50 per 
cent had earned science credits during the 
preceding five years; (3) most teachers 
used two class meetings per week for sci- 
ence using basal text series; (4) an inci- 
dental approach, usually based on _ the 
seasons, was used in about 20 per cent of 
the primary grade classes and (5) science 
achievement in classrooms where teachers 
had taken an elementary science methods 
course was higher in every grade tested 
teachers not so 


than in classrooms of 


trained. 


B. Research at the Secondary School Level 


The Committee: George T. Davis, Chairman; 
Hubert F. Evans, Vice-Chairman; Stanley B. 
Brown, Paul DeH. Hurd, Greta Oppe, Samuel 
Schenberg. 

The current survey of the research at 
this level includes a total of twenty-two 
studies. Of these four are related to teach- 
ing procedures, two are related to the 
curriculum, three are related to careers in 
science, five are related to teacher training, 
six to offerings and enrollments and two 


are classified as miscellaneous. 
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1. Studies Related to Teaching Procedures 


In one of the few experimental studies 
reported in the period under review 
Boeck [S 3] investigated the relative effi- 
ciency of three methods of instruction for 
developing understandings in 9th grade 
general science. Specifically, his study 
compared the achievements of general sci- 
ence pupils: (a) who only read and dis- 
cussed prepared materials, (b) who did 
no reading but were given demonstrations 
with discussion over the same material, 
and those (c) who were taught by a com- 
bination of these methods. Instruction dealt 
with mirrors and mirror images over four 
class periods; two periods were devoted 
to testing (but not including the retests 
given at a later time). Eight teachers 
representing 16 science classes were in- 
volved in the study; all were located in 
the public schools of St. Paul, Minnesota. 

The tests employed were six: 

(1) a 50-item, multiple choice achievement test 

(2) a 32-item, non-verbal performance test 

(3) a 20-item attitude scale relating to the con- 
duct and social climate of the class 

(4) the Otis Self Administering Test of Mental 
Ability (for intelligence scores) 

(5) the Stanford Achievement Test (for reading 
scores ) 

(6) the Iowa Every Pupil Test of Educational 
Development (for reading scores) 

The intelligence scores and reading scores 

were used for control purposes. 

After analyzing the data by using a num- 
ber of statistical procedures, Boeck found 
that (a) performance on the achievement 
tests (retests included) was nearly the 
same for each group. (b) The reading 
method of instruction was rated low by 
students. (c) Teachers exerted greater in- 
fluence over achievement than did methods 
of instruction. (d) Students retained in- 
formation equally well under the three 
methods of instruction. 

Kahn [S 10] sought to determine the 
effect of certain procedures in teaching 
science on the development of scientific 
attitudes. Using matched groups, he and 
a colleague taught general science to 7th 
and 8th grade boys for a period of six 
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months. During this time one group (ex- 
perimental) was given directed instruction 
in scientific attitudes by a special tech- 
nige using current events in science. Initial 
tests, final tests, and follow-up tests of 
scientific attitudes were administered to 
each group. 

Upon analysis the investigator found 
that the experimental group scored sig- 
nificantly higher than the group which 
received no special training. The gains of 
the superior group were retained almost 
undiminished throughout a period of more 
than four months during which neither 
group received training in the scientific 
attitudes. Students of below normal read- 
ing ability showed as large and as signifi- 
cant gains as did those of higher reading 
ability. 

As a device to teach certain elements of 
the scientific method Skocpol [S 19] wrote 
a script on vitamin B, to accompany an 
instructional sound film. The script was 
then evaluated by ten experienced teachers 
and by the author using Keeslar’s ' criteria 
as standards. He concluded that an in- 
structional sound film could make signifi- 
cant contributions to an understanding of 
scientific methods, and that the capabilities 
of motion pictures could be sufficiently 
utilized to justify the use of this medium 
in teaching the methods of science. 

Often neglected in science teaching is 
the identification of assumptions made 
while carrying out experimental exercises. 
In a study dealing with 9th grade general 
science Obourn[S 15] investigated the 
assumptions essential to the acceptance of 
conclusions to be reached in a selected 
group of experimental exercises, and also 
the ways in which a selected group of 
teachers make provision for these assump- 
tions in their teaching procedures. 

Forty-five experimental exercises de- 
rived from textbooks, workbooks, and labo- 


ratory manuals for 9th grade general sci- 


1 Keeslar, Oreon, “Contributions of Instruc 
tional Films to the Teaching of High School 
Science, I,” 
1946. 


Science Education, 30:82-85, March, 
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ence were analyzed by the investigator and 
a jury of three for the purpose .of identify- 
ing the assumptions in each exercise basic 
to the acceptance of the stated conclusions. 
The results of this analysis were then 
screened by an elaborate complex of juries 
which judged whether the assumptions in 
the experimental exercises were essential 
or unessential to the acceptance of the 
stated conclusions. Jurors were also asked 
to add assumptions not included in the 
original list. Counting such additions, a 
total of 412 assumptions were identified 
with the 45 experimental exercises. After 
careful checks were made on the reliability 
of the ratings by the jurors, indices of 
agreement were made for each of the 412 
assumptions. 

An analysis of both the original and 
added assumptions was made on the basis 
of those which were factual and those which 
contained an element of reasonable doubt. 
These data indicated that among the per- 
sonnel associated with this study there 
seemed to be a greater sensitivity toward 
the factual assumptions than toward the 
non-factual. 

Evidence on the ways in which teachers 
make provision for assumptions while deal- 
ing with experimental exercises was gath- 
ered by classroom observations in eleven 
cooperating centers. Following the obser- 
vations, anecdotal reports were written; 
100 of these were obtained. 

Sixty-three per cent of the experimental 
exercises observed were identical with the 
A total 
of 138 assumptions were identified in the 


45 exercises selected for analysis. 
observed exercises. This study revealed 
that, for the most part, experimental ex- 
ercises in 9th grade general science are 
presented by the teacher demonstration 
method. These teachers seemed to have 
adequate manipulation techniques but very 
inadequate experimental techniques. 
Among his conclusions Obourn stated 
that (a) current experimental exercises in 
Oh grade general science are generally 


inadequate in their provision for the identi- 
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fication and. evaluation of assumptions 
essential to the acceptance of conclusions 
to be reached. . (b) Juries made up of 
selected teachers of 9th grade general sci- 
ence were less critical when evaluating the 
essentiality of assumptions basic to the 
acceptance of the conclusions, and associ- 
ated with the selected experimental exer- 
cises used in this investigation, than were 
juries made up of authorities in the field 
(c) Teachers of 9th 
grade general science observed in this in- 


of science education. 


vestigation are not sensitive to assumptions 
and show little awareness to the role of 
assumptions in the acceptance of conclu- 
sions. The author concluded his report 
with nine recommendations for the im- 
provement of classroom problem-solving, 
particularly that aspect of it which relates 
to the identification and evaluation of 
assumptions. 


2. Studies Related to the Curriculum 


Relatively few studies have been made 
dealing with the natural sciences in core 
programs. Although the content of sci- 
ence in general education has been exten- 
sively explored, the task of relating this 
subject matter to other non-science core 
subjects has largely been neglected by sci- 
ence educators. A study by Mikhail [S 12] 
indicates that science can have a major 
place in core programs. His purpose was 
to suggest the science subject matter, skills, 
attitudes, appreciations and interests which 
might be “built in” to one common design 
for core programs—the “problem area” 
design. Sixteen problem areas (Problems 
of Self Understanding, Problems of Family 
Living, Problems of Critical Thinking, 
etc.) were utilized. First, each of these 
was analyzed to determine possible stu- 
dent activities, then the contributions of 
science were conceived in the light of these 
activities. All science contributions were 
evaluated for their adequacy as science in- 


struction and as potential general education 


content. 
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The author found that science could 
make significant contributions to 13 prob- 
lem areas. All contributions were classi- 
fied under the following seven categories : 
Health and Safety; Atomic Energy; Con- 
servation; Human Growth and Develop- 
ment; Critical Thinking, Values and Be- 
liefs; Communication; and Hobbies. 

An entirely different type of study re- 
lated to program improvement was re- 
ported by Toon [S 22]. By means of a 
checklist and questionnaire he undertook 
to determine what factors in a high school 
chemistry course are considered important 
by ex-high school chemistry students who 
later enrolled in first year college chem- 
istry. He also sought information on the 
general effectiveness of present high school 
chemistry courses in meeting student needs 
and interests. The checklist and ques- 
tionnaire were submitted to all the second 
semester chemistry students enrolled in 1st 
year chemistry at the University of Cali- 
fornia at Los Angeles. 

He found that these chemistry students 
rated the following groups of items as most 
important for pre-study in the high school 
preparatory course: 

1. Understanding basic chemical principles and 
concepts, and the calculations based on these 
principles and concepts. 

2. Skill with such mathematical operations as 
powers of ten, decimals, ratios, and use of the 
slide rule. 

3. Skill with such language facilities as read- 
ing for speed and comprehension, outlining, find- 
ing salient points in a paragraph, and writing 
and expressing thoughts effectively. 

Such course content as the appreciation 
of chemistry, history of chemistry, indus- 
trial processes, and organic chemistry was 
rated low. The students further indicated 
that too little allowance was made for indi- 
vidual differences in high school chemistry 
courses and that a logical, systematic pres: 
entation of content was preferred. 


3. Studies Related to Careers in Science 


The search for or nurture of talented 
students in science engaged the attention 
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of several investigators. Finkel [S 6] re- 
ported a study of the factors affecting the 
high school student’s choice of career. 
Particularly was he interested in identify- 
ing those factors which dissuade students 
from entering a field of science. He sent 
questionnaires to a group of secondary 
schools of various sizes in the State of 
Colorado and over the nation. The 21 
schools which returned the questionnaire 
involved the thinking of 21 principals, 65 
science teachers, 24 guidance counselors, 
and 594 senior students. Some of these 
last respondents were interested in science, 
but many were not. For purposes of com- 
parison the author sent the same question- 
naire to freshmen at the University of 


Denver. Fifty-six of these completed the 


form. Some of the data for this study were 
also acquired by interviews with school 
officials. 

Four sections of this report deal with 
the specific attitudes and competencies of 
high school principals, guidance counselors, 
science teachers, and students in relation 
to science courses. All of these respond- 
ents appeared to be in agreement that the 
primary reasons why students did not take 
more science while in high school were 
because: (a) science was too difficult and 
involved too much mathematics; (b) the 
student’s background in science while in 
elementary school had been poor and un- 
interesting ; (c) because the school offered 
sO many important and desirable courses 
in competition with science that students 
found it difficult to pursue science to the 
exclusion of other subjects. 

A much breader investigation having 
some purposes in common with the former 
study was conducted by Stice, Torgerson 
and Mollenkopf [S 21]. 


ered information on adolescent motivation 


This team gath- 


for college, interest in science, financial 
plans, and parental backgrounds. Using 
a five per cent sample of the public high 
schools of the United States, they adminis- 
tered a 30-minute questionnaire and a 
15-minute test of academic aptitude to 
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32,750 twelfth-grade students. In addi- 
tion the principals of these students were 
asked to supply background information 
on the schools and communities represented 
in the sample. 

The findings in this study are based 
upon the questionnaire responses of 9,689 
seniors. All of these students scored high 
in the ability test, and, as a group, repre- 
sented approximately the top 30 per cent 
of the entire sample. Some of the findings 
are as follows: 


(1) Approximately 14 per cent of the group 
said they had no interest in or desire to attend 
college. Approximately 6 per cent said they had 
a strong interest in college but saw no way of 
ever being able to go. 

(2) Almost half of the group indicated that 
expenses would be an important reason why they 
might not get to college. 

(3) Fifteen per cent of the boys and 28 per 
cent of the girls whose fathers’ education was 
limited to elementary school have no interest in 
college. 

(4) Whereas 65 per cent of the boys whose 
fathers are in scientific professions and 83 per 
cent of those whose fathers are in medicine intend 
to go to college without delay, only 28 per cent 
cf those whose fathers are in semi-skilled occu- 
pations intend to do so, and only 38 per cent of 
those whose fathers are farmers plan to go to 
college immediately. Among the girls the varia- 
tion is even greater. 

(5) The lower the score on the ability test, 
the greater was the percentage expressing no 
motivation for college. 

(6) The proportion of pupils planning to go 
to college increases as the size of the school 
increases with the exception of the very large 
schools having enrollments over 1,500. 

(7) Approximately one quarter of the boys said 
they would like to become engineers; 8 per cent 
wanted to enter medicine; 6 per cent wanted to 
be physical scientists. 


Taking all findings into account, the in- 
vestigators concluded that (a) a striking 
amount of economic and cultural deter- 
minism exists in connection with going to 
college; (b) there is a pressing need for 
more scholarships to reduce the loss of 
high ability students to higher education; 
(c) higher education is losing up to one- 
half of the top 30 per cent of the nation’s 
high school seniors; lack of finances and 
lack of interest have about: equal weight 


in causing this loss. 
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Neivert [S 13] in a carefully designed 
study investigated the problems of identify- 
ing secondary students with science poten- 
tial and of determining what factors were 
responsible for their selecting science as a 
career. The research consists of four major 
components: first, selecting, training and 
following the careers of several groups of 
potential science students through high 
school and into colleges; second, adminis- 
tering the Test of Science Reasoning and 
Understanding of the College Entrance 


Examination Board, with an accompany- 


ing Interest and Career Choice Question- 
naire, to several hundred science students 
in New York City and evaluating the data 
gained therefrom; third, reviewing the 
Annual Science Talent Search competi- 
tion ; and fourth, determining the character- 
istics of superior science teachers mainly 
by a questionnaire sent to the sponsor’s 
of Science Talent Search winners. 

Some of the major conclusions of this 


study are: 


(1) Three factors necessary for high science 
potential and for determining ultimately whether 
or not students with such potential will choose 
science as a career are high intelligence, oppor- 
tunities for development, and personal attributes. 

(2) Outstanding performance in science re- 
quires that the student have an I.Q. of 135 or 
above and reading and arithmetic scores of 
twelfth grade or better in the ninth year. 

(3) Opportunities for development include a 
home conducive to study and a school with an 
enriched science program, including a chance for 
individual research, good equipment, and superior 
teachers. 

(4) The personal attributes needed by poten- 
tial science students fall into three categories: 
interests, individuality and an intrinsic factor. A 
student’s individuality includes his personalty 
traits, mental traits and work habits. An in- 
trinsic factor which accounts in part for their 
strivings and inclinations is an element in com- 
mitting students to various areas of pure and 
applied science. The student’s interest in science 
is sufficiently variable that it can not be used 
alone for predicting success in science. 

(5) The science teacher is the single most 
important factor in the school environment 
conducive to development of potential science 
students. 

(6) The superior teacher who influences stu- 
dents to pursue science may be identified both 
by his ability as a teacher and by his personality. 
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4. Studies Related to Teacher Training 
In a study limited to the state of Illinois 
but transcending political boundaries in 
significance, Nelson |[S 14] investigated in 
detail the competencies desirable or neces- 
sary for the science teacher in his first 
years of work. The inquiry was directed 
at two groups of schoolmen: (1) adminis- 
trators and (2) beginning science teachers. 
Two hundred ninety-five administrators 
distributed over the state and representing 
schools of various sizes returned a com- 
pleted questionnaire dealing with science 
teacher competencies. The competencies 
listed were placed under one or the other 
of seven headings in the questionnaire: 
(1) Classroom Techniques, (2) Profes- 
sional Responsibilities, (3) Application of 
Science to General Education, (4) Under- 
standing Boys and Girls, (5) Other As- 
pects of Professional Training, (6) Train- 
ing in the Subject Matter of Science, and 
(7) Student Teaching. Respondents were 
requested to indicate whether each listed 
competency (in all categories except the 
sixth) should be considered as (a) a mini- 
mum essential in the teacher training pro- 
gram, (b) important and to be included 
in the training program, if possible, and 
(c) not important in the training program. 
g- 
gested. The sixth category (Training in 
the Subject Matter of Science) presented 
five patterns of possible subject matter 


Additional competencies could be su 


preparation. 
rank these patterns in order of preference. 


Respondents were asked to 


Perhaps the findings of most interest are 
the administrators’ preference regarding 
the patterns of subject matter training com- 
monly found in the preparation of science 
teachers. An overwhelming majority of 
administrators desired science teachers with 
sufficient training in several science fields so 
that they might teach more than one science. 
The pattern favored by the greatest number 
of administrators included the above, and, 
in addition, intensive training in one sci- 
ence field. 

In the second part of this study 119 ques- 
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tionnaires completed by science teachers of 
three years’ experience or less provided 
detailed information on their formal train- 
ing, employment, and scope of responsi- 
bilities. In contrast to the desires of the 
majority of administrators in the sample 
population on the preparation of science 
teachers, the majority of science teachers 
in the sample population reported fragmen- 
tary and generally substandard preparation. 

Another study dealing with preparation 
for teaching was conducted by Brown [S 4]. 
By means of questionnaires he gathered in- 
formation on the scientific backgrounds and 
actual program responsibilities of high 
school chemistry teachers in Wisconsin. 
On the basis of 260 returns he was able 
to gain detailed information descriptive of 
teacher qualifications in chemistry for the 
state as a whole. 

Some of the major results of this in- 
quiry are: 

(1) The majority of chemistry teachers carry, 
as part of their teaching load, one or more sub 
jects in addition to their major subject. Only 
21 teachers taught chemistry alone. 

(2) Of the 261 respondents, 98 were required 
to teach chemistry and two other subject com 
binations; 18 were teaching in more than thre¢ 
subject fields. Only 107 taught science alone. 

(3) A tremendous range of scientific back 


ground exists among Wisconsin chemistry 


teachers. 

(4) Teachers in smaller schools carry the 
largest teaching loads and are the least prepared 
to do so. 

(5) Measured by Wisconsin standards, 29.3 
per cent of the respondents were unprepared to 
teach chemistry. 

The training needs of science teachers 
in Georgia were analyzed by Ivey [S 9]. 
His sources of information were the sci- 
ence teachers themselves. Specifically, he 
undertook to determine the areas (1) in 
which high school science teachers feel that 
they should be competent; (2) in which 
they feel they are already competent; and 
(3) in which they feel they need further 
training. A questionnaire was prepared 
and sent to all science teachers in the state. 
Upon their return the data were grouped 
iu these categories: Biological Sciences, 


Physical Sciences, Biological and Physi- 
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cal Sciences, and Professional Education 
Courses. Under each category teacher 
competencies were arranged in descending 
order according to frequency of mention 
by the respondents. 

The findings in this study are presented 
in more detail than can be reported here. 
Only those competencies which occur in 
the upper fourth of each category and in 
which the respondents indicate a need for 
further study are given below: 

(1) Biological Sciences: aquatic biology, plant 
diseases, birds, weeds, embryology, microbiology, 
sex education, trees, plant breeding, genetics, and 
grasses. 

(2) Physical Sciences: television, radioactivity, 
astronomy, atomic physics, electronics, radio, 
general geology, plastics and rubber, modern 
developments and their applications in chemistry, 
and modern developments and their applications 
in physics and electricity. 

(3) Biological and Physical Sciences: plastics 
and rubber, drugs, narcotics, and home appliances. 

(4) Professional Education: making simple 
types of laboratory equipment, planning and 
carrying out projects for a science fair, planning 
and carrying out research projects suitable in 
secondary science, planning the total science pro- 
gram, directing students in individual projects, 
sponsoring a science club, acquiring materials 
and equipment for science classes, counseling 
students, and constructing achievement tests. 

Shawver [S 18] conducted an inquiry 
on science teacher supply for the state of 
Virginia. A questionnaire was sent to the 
Deans of the major colleges and universi- 
ties in the state inviting them to report on 
the number of students in the classes of 
1955, 1956, and 1957 preparing to teach 
high school science. Further, the respond- 
ents were asked to report the number of 
teacher candidates who were majors in 
general science, biology, chemistry, and 
physics for each of the above years. 

He found for each year that about 40 
students maioring in the sciences were 
expecting to teach in secondary schools. 
He concluded that this number was ap- 
proximately half the actual need each year 
in Virginia. 

Mallinson [S 11] completed a five-part 
inquiry on science teaching in Michigan 


having purposes related to several of the 
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studies already reviewed. Specifically, he 


sought information on these five questions: 


(1) What combinations of science courses are 
taught by science teachers in Michigan? 

(2) How many different science courses may 
be taught by any one science teacher? 

(3) If a science teacher teaches courses other 
than science, what are they? 

(4) Do the subject-matter backgrounds of 
science teachers enable them to carry out their 
assignments successfully? 

(5) What types of training do administrators 
vant science teachers to have? 

Questionnaires were sent to half of the 
high school administrators in Michigan. 
Each administrator was requested to for- 
ward additional questionnaires to a junior 
high school science teacher and a high 
school science teacher in the same systeni. 
Two hundred nine or over 80 per cent of 
those sent to teachers were returned. 

Some of the major findings in this study 
are as follows: 

(a) The majority of teachers in Class A, B, 
and C schools teach only one science. However, 
except for teachers in Class A schools, the ma- 
jority of the teachers who teach only one science, 
teach only one or two sections of that science. 
Many of the additional subjects taught are unre- 
lated to science. 

(b) For teachers who teach more than one 
science, 90 per cent of the combinations they 
teach fall into four categories: 

1. Biology and general science, combined with 

physical education 


2. Biology and general science 

3. Chemistry and physics, combined with mathe- 
matics 

4. Chemistry, physics, biology, and general sci- 
ence 


(c) Many teachers who are teaching only one 
science do not have a major or minor in the re- 
spective field. This is particularly true in small 
schools and especially with respect to physics. 

(d) In the majority of Class A, B, and C 
schools, administrators emphasized that they 
wanted science teachers who were broadly rather 
than narrowly trained in science. They were 
clear in stating that they desired teachers who 
were sufficiently well trained and versatile to be 
able to handle any and all science assignments. 

(e) There seems to be a belief that anyone 
It is possible that 


can teach general science. 
over half the classes in general science are taught 
by teachers whose breadth of training is insuf- 
ficient to teach the course successfully, or who 
have little or no science background at all. 

(f) Of all the sciences taught, biology can be 
viewed with the greatest amount of satisfaction. 
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5. Studies Related to Course Offerings and 
Enrollments 


A number of surveys of varying scope 
dealing with course offerings and enroll- 
ments (and usually with other matters) 
have been completed in various parts of 
the country. Most of these, taken indi- 
vidually, have limited significance and in- 
terest for a national audience because of 
their limited meaning. However, taken 
together, they do suggest trends and often 
provide the best information available on 
the status of secondary science over large 
areas of the country. 

In a study of national scope Smith [S 20] 
investigated the weekly class-time, topical 
coverage, and pupil enrollment in general 
science during the ten-year period from 
1945 to 1955. A questionnaire was sent 
to National Science Teachers Associaiton 
members in each part of the country; re- 
plies were received from 104 schools in 
29 states. He found that (1) general sci- 
ence has gained in minutes per class period 
and in periods per week at each grade 
level on which it is commonly offered. 
The highest percentage gain is in the 
7th grade; the lowest in the 9th grade. 
(2) Course enrollments have gained in this 
period and follow the above grade pattern. 
(3) Course content varies little. There 
now appears to be a tendency in schools 
to achieve a better balance among the bio- 
logical sciences, the physical sciences, and 
the earth sciences. 

Pella [S 16] examined the status of sci- 
ence instruction in 425 Wisconsin high 
schools. 
ence courses offered in the public high 
schools, (2) the nature of the teaching 


His study concerns (1) the sci- 


loads of science teachers, (3) the amount 
of pupil school time devoted to science in 
each school, and (4) whether any relation- 
ship exists between the teaching load of 
the teacher and the amount of pupil school 
time devoted to science in each school, and 
(4) whether any relationship exists be- 
tween the teaching load of the teacher and 
the amount of pupil school time devoted to 
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science. The sources of information used 
were the reports submitted to the State 
Department of Public Instruction. The re- 
sults of this inquiry are presented in both 
textual and tabular form under such head- 
ings as science offerings, science course 
combinations taught by teachers, non- 
science courses included in science teacher 
loads, pupil time devoted to science, and 
enrollments in science. 

In the spring of 1956 the high school 
principals of Essex County, New Jersey, 
conducted a survey of the coursework com- 
pleted in mathematics and science by the 
graduating seniors [S 2]. Of the 5,074 
records examined, slightly more than half 
were those of college preparatory students. 
All 22 public high schools in the county 
participated. 

Sixty-two per cent of the graduates took 
general science, 69 per cent biology, 38 per 
cent chemistry, 31 per cent physics, and 
9 per cent took other science courses. Ten 
per cent of the graduates completed four 
years of science, 23 per cent three years, 
33 per cent two years, and 26 per cent 
one year. Six per cent graduated without 
having taken any science. 

Science instruction in Nebraska was in- 
vestigated by Hoffart [S 8]. 


was concerned with the professional prepa- 


His study 


ration of science teachers, their teaching 
loads, the types of courses they offered, and 
\ll data 
were secured from the applications for 


the enrollments in these courses. 


approval and accreditation submitted by 
Nebraska 
State Department of Public Instruction. 


school administrators to the 


He compared his results with those of 
three previously completed theses dealing 
with similar problems. 

In general, science instruction is gaining 
in Nebraska. Both the percentage of 
schools offering general science, biology, 
chemistry, and advanced science, and the 
student enrollments in these courses have 
increased significantly in the last three 
decades. Only physics has declined. 


The professional preparation of the sci- 
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ence teachers in 1954-1955 appeared to be 
somewhat improved when compared with 
science teachers in former periods. How- 
ever, their preparation in science was still 
far below the recommendations of the 
Committee on Science Education of the 
National Society for the Study of Educa- 
tion in 1946, 

A somewhat similar inquiry was under- 
taken by Bliss [S 1] in Oklahoma as part 
of a national study conducted by the Ameri- 
can Chemical Society. The author deter- 
mined (1) the number of schools offering 
biology, chemistry, and physics, (2) the 
number of classes in each science, and 
(3) the enrollments in each science within 
the sample schools. Three hundred fifty- 
ene schools were included in the survey. 
Data were obtained through the State 
Department of Education. 

He found that biology was offered in 
215 schools and was studied by 72.4 per 
cent of the students in these schools ; chem- 
istry was offered in 71 schools and studied 
by 20.1 per cent of the students, and physics 
was offered in 54 schools and studied by 
7.4 per cent of the students. 

A research report of the New Jersey 
State Department of Education in 1956 
includes detailed information on the status 
of science instruction in that state [S 5]. 
Science course offerings, enrollments, class 
sizes, teacher supply and preparation, teach- 
ing assignments, and compensation are pre- 
sented in the bulletin. Some conclusions 
reached in this study are as follows: 

(1) All New Jersey public high schools offer 
all the major science courses to their pupils. 

(2) According to accepted standards, the size 
of science classes is reasonable. 

(3) The percentage of boys and girls enroll- 
ing in advanced science classes during recent 
years has been increased despite the fact that 
high retention rates have kept in school many 
who would not ordinarily be expected to enroll 
in such classes. 

(4) Increased offerings in general science pro- 
vide basic instruction for pupils less likely to 
profit from more advanced courses either from 
the standpoint of interest or ability. 

(5) Science teachers are, on, the whole, well 
qualified from the standpoint of undergraduate 
preparation for their teaching assignments. 
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(6) The large numbers of teachers assigned 
to instruct only in the biological sciences or the 
physical sciences are impressive. 


Miscellaneous Studies 


The factors which underlie — science 
achievement in secondary schools have 
attracted investigators for years. In a 
recent study Gould[S7] reopened the 
question whether predictions about achieve- 
ment in science can be made from measur- 
able personality factors. Specifically, he 
sought to determine whether a distinctive 
pattern of certain components of person- 
ality is prevalent among high school stu- 
dents who elect biology as a major subject 
and is lacking among those who make a 
different election. Five sub-problems were 
investigated : 

(1) Is there a relationship between I.Q. and 
achievement in general science? 

(2) Between I.Q. and certain personality com- 
ponents ? 

(3) Between achievement in general science 
and certain personality components? 

(4) Between achievement in biology and cer- 
tain personality components? 

(5) Between achievement in a _ non-science 
miajor subject and those factors of the person- 
ality found to be significant in 3 and 4 above? 

The personality traits (20 in number) 
considered in this study are those dealt 
with on the Bell Adjustment Inventory, 
the Bernreuter Personality Inventory, and 
the Mental Health Analysis. These, as 
well as the Otis Quick Scoring Mental 
Ability Test, Gamma Form BM, and the 
A.C.E. 
Grades 7, 8 and 9, Form R, were given 
to 157 high school boys and girls. All of 
these students had completed one year of 
Also used in the study 


Cooperative Science Test for 


general science. 
but with only part of the sample popula- 
tion, were the June 1948 Biology Regents 
Examination and the students’ final grades 
in all subjects for the 1947-48 school year. 

Some of the findings were: (a) a corre- 
lation of .75 for both boys and girls be- 
tween I.Q. and achievement in general 
science; (b) little or no relationship be- 
tween I.Q. and any one of the personality 
traits measured, or any combination of 
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them; (c) only one personality compo- 
nent, “feelings of inadequacy,” showed a 
substantial (positive) relationship with 
achievement scores in general science; 
(d) no substantial relationship was found 
between any personality component and 
non-science achievement scores; and (e) 
the best fitting personality pattern found 
to be associated with achievement in biol- 
ogy included such components: as: “close 
personal relationships,” ‘“‘adequate outlook 


“ec 


and goals,” “social participation,” ‘“domi- 


nance-submissive,” ‘“‘social adjustment,” 
and “health adjustment.” 

Schenberg |S 17] studied the nature and 
extent of the employment of laboratory 
assistants in the high schools of the United 
States. Specifically, he undertook to com- 
pile information concerning the employ- 
ment, qualifications, duties, turnover, and 
recruitment of laboratory assistants in 47 
cities distributed over the country. A ques- 
tionnaire was used to gather this informa- 
tion. He found that (1) only three cities 
in the United States—New York, Newark, 
and Baltimore employ laboratory assist- 
ants on their high school staffs; (2) four 
cities—Atlanta, Boston, Oakland, and San 
Francisco—make special provisions for 
using high school students to assist science 
teachers; and (3) the other cities made 
some special provisions but indicated that 
their science teachers were accustomed to 
seek and obtain assistance from their stu- 
dents on a purely voluntary basis. The 
author recommended that the National Sci- 
ence Teachers Association get behind the 
movement for the employment of labora- 
tory assistants in large high schools. 


C. Research at the College Level 

The Committee: Edward Weaver, Chairman; 
Mervin Oakes, Vice-Chairman; Robert A. Bul- 
lington, Guybert P. Cahoon, Donald G. Decker, 
Clark Hubler, John C. Mayfield, Abraham Ras- 
kin, George B. Salmons, M. C. Shawver. 

Forty-eight studies are reported by the 
committee which surveyed the research at 
the college level. Thirteen of these are 
classified as curriculum studies, eleven as 
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methods and resources, four as_ teacher 
training, three as testing and evaluation, 
four as elements of the scientific method, 
six as texts and production of texts and 
syllabi, two as characteristics of science 
students and scientists, and four as miscel- 
laneous. 


Studies Related to the Curriculum 

Arnold [C 2] conducted a study designed 
to develop a first year general education 
college chemistry course which would serve 
the general education student as well as the 
specializing student. His course was based 
upon modern philosophy of science and ed- 
ucation, with emphasis upon objective sci- 
entific thinking. The author established 
four basic assumptions for the develop- 
ment of the course, and used seven criteria 
for the selection and organization of con- 
tent in keeping with the basic assumptions. 
A list of statements relating to the struc- 
ture and behavior of matter was prepared 
and submitted to a jury of nine chemistry 
teachers and nine specialists in general 
education, who rated the statements. Three 
hundred seventy-six statements were 
judged to be essential which, when ar- 
ranged in logical sequence, became the 
basis of the course. This study is quite 
similar to others made in recent years to 
determine the basic principles for inclu- 
sion in college general education science 
courses. It should be of value to anyone 
interested in a general chemistry course 
designed for both general education and 
chemistry majors. 

Meier [C 27] studied reports of pro- 
grams of general education biology which 
he had attended for a period of one or 
two years, and attempted to relate these 
to teacher education. He _ stressed the 
characteristics of the biology course in gen- 
eral education in terms of appreciations 
and understandings of scientific attitudes 
and method, laboratory experiences, the re- 
lation of biology to health and welfare, 
and stress on biological principles. 

Klotz [C 17] described a program of 
outdoor education at Concordia Teachers 
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College. This project included a two-week 
workshop in Outdoor Education, one week 
of the course was spent in camp, the other 
week was spent on-campus. This report 
indicates that aquatic life, birds, insects, 
reptiles, wild flowers, geology, soils, as- 
tronomy, and conservation were studied. 
The experiences of living together were 
considered to be very valuable. Many 
school systems are now conducting pro- 
grams of outdoor education. Teacher edu- 
cation of this kind increasingly becomes 
the responsibility of teachers colleges. This 
report is excellent for those interested in 
this challenge to science teacher education. 

Sonneborn [C 38], one of the world’s 
outstanding students of the Protozoa, has 
conducted an excellent study which clearly 
states his reason for studying this topic in a 
college general biology or zoology course. 
He stresses that the Protozoa provides op- 
portunities for the students to observe na- 
ture and to make discoveries and acquire 
enthusiasms for biology. Simple instructions 
and useful teaching aids are presented in 
the article. Advice on culturing of Pro- 
tozoa is given. The article offers valuable 
practical directives to the college biology 
instructor. 

Dunbar [C 11] suggests the feasibility 
and desirability of using lecture-demon- 
strations in organic chemistry teaching. 
He identifies and discusses some factors 
involved in the lack of widespread accept- 
ance of demonstration techniges as an aid 
in teaching organic chemistry. The author 
gives some general advice for demonstra- 
lions together with some specific examples 
of possibilities. 

Wood {C 47-48] presented two studies 
dealing with the construction of special 
slide-rules and nomographs for the teacher 
of general chemistry. He presents a very 
thorough treatment of the considerations 
involved in the theory, construction, and 
use of specially constructed slide-rules for 
particular application in the solution of 
mathematical problems arising in chemis- 
try. According to the author, a particular 
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advantage in the use of such devices lies in 
the possibility of assigning numerical prob- 
lems to chemistry students on an individ- 
ual basis with the assurance that solutions 
may be determined readily by means of 
such special slide-rules as are suggested. 
The ideas reported seem practical and 
helpful to all who work in the area of chem- 
istry education at the college level. All 
who look toward rigorous intellectual en- 
deavor in the laboratory will find stimula- 
tion and help in Wood's presentations. 
Manwiller [C 26] undertook to argue 
the importance of science laboratory activi- 
ties. His argument is based on fundamen- 
tal considerations, and although the work 
is not documented, the author induces ele- 
ments which appear to be valid in his con- 
clusion. So plausible is his presentation 
that one almost overlooks that his con- 
clusion can only be considered a carefully 
chosen opinion. A provocative report. 
Van Deventer [C 43], in a study con- 
cerned with the use of subject-matter prin- 
ciples and generalizations in teaching, set 
out to isolate, state, and justify some scien- 
tific principles which are functionally uni- 
fying with respect to broad areas of scien- 
tific knowledge. Such scientific principles 
are those conceived by the author as inter- 
mediate between the basic ideas common 
to all science and the subject-matter prin- 
ciples generally associated with particular 
branches of science. The author’s thoughts 
concerning the defined problem derive 
from the researches of others seeking to 
identify the basic ideas and principles un- 
derlying science and the scientific attitude, 
and depend also upon his own analysis. 
The analysis which he undertakes is part 
of a larger objective for a constant re-ex- 
amination of what we teach and how we 
teach it. A specific objective is to gain a 
basis upon which a block-and-gap_tech- 
nique may be applied in selecting subject 
matter for a non-specialist course in ele- 
mentary science. The author suggests that 
a relationship must exist between subject 
matter principles in science and the basic 
assumptions and ideas constituting dis- 
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5 DeceMBER, 1957] FIFTH 
in cernible elements of scientific attitude. He 
)- proceeds to analyze the generalizations of 
l- science into four levels or strata, (1) the 
1s basic ideas and assumptions of scientific 
of attitude; (2) area principles unifying or 
a. relating separate scientific branches; (3) 
id subject matter principles in the separate 
1- scientific branches; and (4) the facts of sci- 
I ence which support the generalizations. 
i- The analysis is illustrated arid justified 
A- with specific examples drawn primarily, 
but not exclusively, from the biological 
1€ sciences. The author emphasizes the lab- 
i- oratory as affording opportunities for work 
1- which is worthwhile as well as explora- 
‘k tory-experimental-and experiential. Refer- 
e- ence is made to certain experimentation in 
1- science education at Western Michigan 
yn College. 
1- Perlman [C 30] compared the histori- 
ly cal treatment of scientific discoveries (case 
histories) and contemporary science prob- 
- lems in the laboratory program of a college 
- physical science course designed for gen- 
et eral education. Students subjected to two 
n- procedures were compared as to their abil- 
i- ity to use the scientific method of thinking. 
n- In most instances there was little difference 
eS in the results with the two groups. This 
r- study offers some interesting procedures 
yn for teaching problem-solving in general 
n- education courses. Anyone interested in 
ar this area should examine the article care- 
ts fully. 
ve Sleeman [C 36] utilized the evaluation 
to of Castleton Teachers College by the 





all American Association of Colleges for 
¢, Teacher Education as the foundation for 
. developing a proposed science program 
n based on the problems which confront the 
x q people of Vermont, and providing first- 
ae hand experiences for the students, with 
st more attention to the social implications of 
t science. He maintains that the proposed 
‘i science program may develop student in- 
F } terests, may demonstrate possibilities of 
ct practical application, may lead to a func- 
on tional understanding of science concepts, 


and may contribute to critical thinking— 
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by presenting 
the life of the 
Simmons |[C 35] presented an account 


vital problems in relation to 
people in Vermont. 


of some of the laboratory activities of his 
students with live animals in a general ' 
education course in the biological sciences. 
The course is required of all students at 
Albany State College in Georgia. Experi- 
ments in nutrition, dissection, reproduc- 
tion, and physiology were briefly reviewed. + 
Rats and mice were the animals most fre- 
quently used in this course. The students 
were involved in the care of the animals. 
Many of the experiments were carried out 
by the students, especially those on nutri- 
tion. Certain dissection demonstrations 
were made by the instructor. The purpose 
of the animal experiments was to involve 
the students in experiences with laboratory 
organisms in order that they might gain 
insights into the methods of biological 
science. Simmons has suggested a series of 
that 


have merit for college instructors charged 


student activities with live animals 


with instruction in biology courses de- 

signed for general education purposes. 
The National Science Teachers Associ- 

8| has 


conducted a research team conference for 


ation, as reported by Carleton | ¢ 


science teachers. Thirty-two experienced 
teachers were selected and met in a two- 
week summer conference at Oregon State 
The 


participants interviewed more than thirty 


College and San Jose State College. 


research scientists and prepared specific . 
recommended laboratory exercises based 
on the insights gained. A complete issue 
of The American Biology Teacher, for the 
second time reports a conference pertain- 
ing to the training of biology teachers, and + 
acceptable Inter- 


programs of biology. 


ested students of science education would 
do well to review the recommendations on 
the problems of teaching biology in the 
high school and college (see the issues— 
Volume 18, January, 1956). 


2. Studies Related to Methods 


sources 


and Re- 


Armacost [C 1] reported a materials- 
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work center established for teachers of 
biology at Purdue University. In connec- 
tion with a university course in the teach- 
ing of biological sciences the classroom 
was developed into a work center that has 
utility for others than those taking the 
methods course. The center houses books, 
periodicals, pamphlets, courses of study, 
and numerous teaching aids related to in- 
struction in the biological sciences. Biology 
teachers in-service, high school students, 
and university students, both under-gradu- 
ate and graduate, use the center. Materials 
and some laboratory equipment are loaned 
to teachers in-the-field. This work-center 
is cooperatively maintained by the Depart- 
ments of Biological Sciences and Educa- 
tion. 

Schwab [C 34] discussed the nature of 
scientific inquiry, stressing that the in- 
quiry itself, as well as its conclusions, 
should be a part of the liberal curriculum 
through the stage when it was a collection 
of elementary courses in many fields, to 
the introduction of survey courses in gen- 
eral education. Survey courses, he feels, 
have two serious weaknesses “superficiality 
and dogmatism in its graduate and ado- 
lescence in its contact.” The principles one 
acquires from a course based on inquiry 
have longer life expectancies. One partic- 
ular theory concerning the particles, 
masses, charges, and motions which con- 
stitute the atom may, for instance, have 
a very limited life and a limited applica- 
bility; but the technique of seeking ex- 
planations of physical and chemical phe- 
nomena in terms of particles of some mass, 
charge, and motion will persist as long as 
theories of this kind have their usefulness 
and continue to be capable of revision and 
enlargement to encompass new phenomena. 
Schwab insists that the traditional cur- 
riculum must give way to one which con- 
sists of materials which reflect inquiry. 
Materials, and treatment of them, must 
constitute a second inquiry engaged in by 


student and teacher alike, aimed at prac- 
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ticing the arts of inquiry and grasp of that 
full meaning of a body of knowledge which 
only the inquiry that produced it can sup- 
ply. This paper is at a high level, and 
should be read by those concerned with 
improving their methods of instruction. 
Lahti [C18] set out to ascertain the 
effectiveness of the laboratory in develop- 
ing the student’s ability to use the scien- 
tific method. The author defines the scien- 
tific method in terms of its philosophical 
meaning and in terms of the research 
approach. He adopts the second definition 
for purposes of his research. Written tests 
were used which were constructed to meas- 
ure the ability of the students to design 
an experiment, to collect the data and to 
measure the ability of students to interpret 
the data. A performance test was con- 
structed to measure the ability of students 
tc solve a problem with simple equipment 
placed before them. The experiment was 
conducted with students chosen from a 
natural science class of non-science majors. 
The four methods of teaching which were 
compared were the inductive-deductive 
(problem-solving), historical, theme (or 
discussion), and standard. The data were 
subjected to statistical analysis. Once the 
data were collected, they were interpreted 
equally well by the students regardless of 
the method used. The inductive-deductive 
method was significantly superior to the 
other methods in promoting the ability to 
develop a line of attack, it was also success- 
ful in developing problem-solving abilities 
According 
to this study, the ability of the students to 


in content-centered problems. 


formulate plans and to design an experi- 
ment appears to be the crucial aspect 
involved. The individualized inductive- 
deductive laboratory appears to offer a 
means of developing the students’ ability 
to use the scientific method which is de- 
fined in terms of the context of discovery 
and in the context of the study. 

West [C 46] reports on a course re- 
quired of all majors in the biological 
sciences at Northern Michigan College. 
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Included in the report is an excellent 
statement of course objectives, identifica- 
tion of student and instructor activities, 
photographs of projects of students, and 
descriptions which give the reader an in- 
sight into the bases of the course. The 
course was designed to allow students to 
work on problems or projects in biology 
of prime concern to them. Evidence is 
provided in the report of the extent to 
which this project approach has reflected 
in improved science fair projects of second- 
ary school youth taught by former students 
who took the course. An analysis is made 
of 113 recent projects of students covering 
a five- or six-year span. The course enroll- 
ment is limited to 24 students because of 
laboratory facilities. This report would 
offer many suggestions to interested in- 
structors who desire to utilize projects in 
their programs of training biology teachers. 

Smith [C 37] conducted an experiment 
in teaching general chemistry by closed- 
circuit television at Pennsylvania State 
University. He set out to study the feasi- 
bility of using moderate cost TV equip- 
ment for instructional purposes, the accept- 
ability of this type of instructional medium 
to those involved, and to determine the 
limitations and advantages of closed-circuit 
television in instructing various types of 
courses. The course in college general 
chemistry was chosen. The course con- 
sisted of two lectures, one recitation, and 
two three-hour laboratory sessions per 
week. Only the lectures were given over 
television, other parts of the course re- 
About 450 students 
were divided into three groups. The first 


mained unchanged. 


was taught in the originating room of the 
television lectures, the second watched the 
lecture-demonstrations on television § re- 
ceivers, and the third received regular lec- 
tures. Three chemistry teachers alternated 
in giving the lecture-demonstrations. The 
article describes in detail the television 
equipment and techniques used, lists the 
technical staff, and describes modifications 
in instructional procedures which were 
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needed. The experiment was evaluated by 
objective tests and student reaction ques- 
tionnaires. He found no significant dif- 
ference in the scores of the three groups 
on the examinations. Thus, it was judged 
that the student’s learning was not handi- 
capped by the experimental procedures. 
Most students found the procedure quite 
acceptable, and a small majority found it 
as interesting as conventional lectures. One 
significant difficulty was lack of color on 
the television screen. Another was insuf- 
ficient size in the reproduction of black- 
board presentations. The author concludes 
that instruction of chemistry classes by 
television is quite feasible for the lecture 
phase, but that, at present, with the serious 
problem of lack of color and screen size, 
it would be unwise to adopt this method 
as a regular procedure. However, in the 
future this conclusion may be reversed. 
This is a very informative study that should 
be read by anyone planning instruction of 
college classes by television. The cost of 
the project-study was not given. 
Blumenthal [C6] wrote a dissertation 
designed to investigate and predict end- 
term achievement of students who have 
attended split sections of lecture, recitation, 
and/or laboratory, with those who have 
not. His subordinate problems dealt with 
acquisition of physics knowledge, problem- 
solving abilities, and end-term success in 
achieving these. Split-session was defined 
as a different instructor for lecture and 
recitation. His findings and generaliza- 
tions were that physics students whose 
lecturers are the same as their recitation 
instructors show greater achievement in 
terms of end-term physics knowledge than 
students whose lecture and recitation in- 
structors are not the same; there is no 
significant difference in achievement in 
terms of end-term physics knowledge be- 
tween those who have the same or different 
instructors in recitation and laboratory ; 
there are no significant differences in 
achievement of students who do or do not 


attend split sessions; students who display 
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a good general scientific knowledge at the 
time of college entrance generally have a 
greater factual knowledge of physics at 
the end of the first course in physics than 
those who do not; students who display 
ability in mathematics and to a lesser ex- 
tent a good general scientific knowledge 
at the time of college entrance, generally 
show a greater achievement in terms of 
physics problem-solving abilities at the end 
of the semester than those who do not; 
ability to reason is not significantly related 
to end-term physics knowledge or to 
physics problem-solving abilities. This 
study concerns a question, the answer to 
which may be different under varying 
conditions. The point of view is often met 
in the literature that the outstanding mem- 
ber of a department should give the lec- 
tures in elementary and general education 
courses. Perhaps the chief determinant in 
this regard is the number of students en- 
rolled in the course. Further, there may 
be more significant criteria than test scores 
for reaching decisions on sectioning classes. 
It would be useful ii other studies designed 
in different ways were conducted in this 
area, in various sections of the country, 
and in both large and small institutions. 

Summerbell [C 42] and others, con- 
ducted an experiment which consisted of 
the introduction of a study of unknown 
solutions into the last weeks of a course 
in college general chemistry. The object 
was to have each student undertake a 
simulated research problem. Certain stand- 
ard procedures were omitted from the 
course. The authors concluded that much 
enthusiasm was generated, and that the 
students gained a very real understanding 
of the qualitative scheme and of the gen- 
eral nature of scientific procedures. Best 
of all, the students were given, they 
state, some measure of the excitement of 
experiment. 

Gaier [C 12] conducted a study designed 
to compare the ability to solve problems 
with prediction of achievement. Problem- 
solving ability was measured by the Bal- 
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ance Problems Test developed by Cross 
and Gaier. Achievement was measured by 
the final grades received in the Airplane 
and Engines Mechanic course, and by 
scores on two mechanical job-knowledge 
tests. The study was supported, in part, 
by the United States Air Force. The in- 
vestigators discovered that final grades 
were positively related to the number of 
problems correctly solved in the BPT and 
to the tendency to prefer principles over 
facts in their solution. The usefulness of 
this study lies in the fact that it tends to 
support the hypothesis that the understand- 
ing of principles should be sought for in 
science classes rather than the memoriza- 
tion of isolated facts. 

Ward |C 44] set out to compare the 
relative effectiveness of two methods of 
instruction in achieving two objectives of 
general education: (1) the recall and 
recognition of facts, principles, and sym- 
bols, and (2) more understanding of im- 
plications of facts and principles, of 
pertinent reading matter, and of problem 
situations. He utilized the group-study 
versus the lecture-demonstration method in 
a physical science course for general educa- 
tion college students. This was a Ph.D. 
thesis performed at Pennsylvania College 
for Women. The author was the only in- 
structor for equated groups taught by each 
of the methods. The same subject-matter 
topics were taught, the same visual aids 
used, and the same reading assignments 
made. Every effort was made to keep 
the experiment perfectly controlled. Tests 
were administered and the results sub- 
jected to extensive statistical analysis. 
Ward concluded that the group method 
resulted in longer-retained more-under- 
standing type of learning, and in greater 
expression of individual differences in such 
learning on the part of the upper sub-group 
of the students. Further, the lecture- 
demonstration method resulted in greater 
expression of individual differences in 
larger retained-more-understanding type of 
learning on the part of the lower sub-group 
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of students, and also the lecture-demonstra- 
tion method resulted in greater expression 
of individual differences in longer retained 
recall-recognition type of learning on the 
part of the lower-three-fourths of the 
students. The author suggested which 
method might be used if certain outcomes 
were desired. For example, based on con- 
clusions from his study, he recommends 
that the group method should be employed 
when it is desired to produce greater ex- 
pression of individual differences or more 
understanding-type learning of subject 
matter among the most capable students. 
An excellent study. 

Calhoun [C7] and others, conducted an 
experiment in student-centered histology 
teaching. The authors first made a study 
of the literature which indicated, they con- 
cluded, that the conventional teacher- 
centered classes are not conducive to 
optimum development of student ability, 
responsibility, and initiative. Sections of 
students, each led by a graduate student, 
who was a member of the class, were 
assigned a subject to study by themselves. 
Lectures were given by the graduate stu- 
dents and other members of the class. The 
regular instructors were on hand to help 
if they were needed. The effectiveness of 
this method was studied by means of a 
questionnaire. The authors concluded that 
the student lecturers were poor speakers, 
the lectures were too bookish at times, the 
students had a tendency to lecture on de- 
tails, and they lacked adequate prepara- 
tion. Their study showed that more super- 
vision in group planning was _ indicated, 
although the project did inspire and in- 
crease class interest and made for greater 
class unity, it also developed responsibility 
and self-confidence in students, and the 
students became better acquainted with one 
another. No controls were used in this 
study; hence, the results are open to 
question. 

Leib [C 19] conducted a study pertain- 
ing to demonstrations in physics with sim- 
ple equipment. The author’s purpose was 
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evidently to suggest some demonstrations 
which may make physics more interesting 
without neglecting its intellectual aspects. 
He introduces well-considered demonstra- 
tions with a defense of physics. The 
author’s demonstrations, while well chosen, 
are not original, and his discussion of them 
is analytical. His plea for the improve- 
ment of physics instruction through ex- 
perimentation in the laboratory suffers 
somewhat from the lack of refinement in 
the notion of presenting suggestions for 
demonstrations when he indicates that the 


need is for experimentation. 


3. Studies Related to Teacher Training 


Weaver [C 45] conducted a study of the 
place of the college in training teachers to 
educate students and the general public in 
conservation. The author prognosticates 
in the interest of broad conservation- 
education programs at the college level. 
His criteria are apparently derived from 
his broad experiences in conservation edu- 
cation. Although the study is not docu- 
mented, the author draws upon authorities, 
other than himself, and a list of references 
is appended. The approach advocated is 
wholesome with an intensiveness recom- 
mended for conservation programs. Opera- 
tional principles are enunciated, and the 
work appears practical without detailed 
specificity. Individuals interested in this 
area might refer to the Handbook for 
Teaching of Conservation and Resource 
Use, prepared by Richard L. Weaver, 
for the National Conservation Committee 
of the National Association of Biology 
Teachers in conjunction with the American 
Nature Association (Washington, 1955). 

Mallinson and Sturm [C 23] conducted 
an investigation designed to determine the 
background and knowledge of the subject 
matter of science possessed by elementary 
student teachers, to determine their atti- 
tudes and opinions concerning certain 
aspects of their preparation for teaching 
science, and to compare their subject- 
matter competence in science with that of 
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certain groups of high school pupils. This 
study is reported in Part A, page 380 of this 
Section, Research at the Elementary School 
Level. 

Nelson [C 28] conducted a study de- 
signed to determine competencies desirable 
or necessary for the science teachers in 
their first years of work as seen by the 
administrators who hire them, and the 
beginning science teachers of Illinois. This 
study is reported in Part B, page 387 of 
this Section, Research at the Secondary 
School Level. 

Haenish [C 13] has reported a state- 
ment, in part historical, setting out the 
guiding principles and procedures of the 
American Chemical Society’s attempt to 
improve the training of chemists in Ameri- 
can colleges and universities through set- 
ting up of “minimum standards” and lists 
of approved institutions. The article pre- 
sents a short table of data giving the rela- 
tive number of Ph.D.’s in chemistry from 
reporting schools each year from 1950 to 
1955 inclusive, who did their undergradu- 
ate work at schools not on the ACS list. 


4. Studies Related to Testing and Evalua- 
tion 


Mallinson and Buck [C 24] report an 
investigation of the New York State 
Regents Examination in Science. Their 
problem was to investigate the attitudes 
of certain science teachers from New York 
State toward the so-called Regents ex- 
aminations in science, and to analyze 
and evaluate certain characteristics of the 
Regents examinations for biology, chem- 
istry, earth science, and physics for certain 
years. Methods and techniques used in- 
volved analysis of responses of pupils who 
obtained passing grades on various Re- 
gents examinations, statistical methods, 
and questionnaires to teachers. The study 
is divided into eight sections, with a state- 
ment of the problem, the methods em- 
ployed, and a summary for each of the 


first seven sections. The eighth section 


contains the summary and conclusions for 
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the entire study. They concluded that 
most teachers favor the use of the Regents 
examinations, and feel that the New York 
State science program is better for their 
use. A frequent criticism was that the 
examinations did not measure growth in 
the so-called general education objectives. 
It was concluded that the examinations 
are far more reliable and valid than teacher- 
made tests and compare favorably with the 
commonly used standardized examinations 
in science. Further, the examinations are 
not prejudiced in the interests of any par- 
ticular group within New York State, and 
a better system of scoring the examina- 
tions is not indicated. The study did not 
elicit any evidence that the examination 
system in New York State should be 
abolished. 

Randall [C 32] sought to determine im- 
provements in the effectiveness of the 
teaching of science in the high schools of 
Louisiana. The author prepared an ex- 
amination containing items on astronomy, 
chemistry, geology, meteorology, and phys- 
ics which was mailed to science teachers 
and used in a competitive testing program 
involving 226 selected pupils from 90 public 
and 3 parochial schools. He concluded 
that there was an improvement in both the 
number of schools and of pupils from the 
previous year, that there was an increase 
ii percentile scores over the previous year, 
and that this increase suggests an improve- 
ment in the mastery of subject-matter con- 
tent in general science and improvement 
in teaching by high school general science 
teachers over the preceding year. This 
study did not include items in the biological 
sciences, and the conclusions seem uncon- 
nected. Since a different examination was 
used each year, the authors should have 
attempted to equate them. Further, there 
is no mention of reliability, validity, item 
analysis or the like to indicate design and 
statistical analyses used. 

Carlin [C7] conducted an investigation 
of grades in the first semester of college 


chemistry attained by students who had 
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had a course in chemistry at the high 


school level and students who had not 


had such a course. His study was con- 
cerned with whether a course in high 
school physics contributes to success in 
first semester college chemistry, whether 
there were sexual differences in grades, 
and whether there was a correlation be- 
tween © and T scores attained on the 
American Council on Education Psycho- 
logical Examination and grades attained 
in the first semester of college chemistry. 
Carlin used the matched-pair technique 
with 800 subjects involved, 400 who had 
had high school chemistry, and 400 who 
had not. Within each of these groups, sub- 
groups were set up based on those who 
had taken high school physics and those 
He converted the coefficient 
of correlation to “t’ and compared with 
the critical ratio at the 1 per cent level of 
significance. His findings and conclusions 
were that the 400 students who had high 
school chemistry excelled the 400 who had 
not, indicating that a course in high school 
chemistry had a 


who had not. 


influence on 
grades attained in first semester college 
chemistry. 


pe sitive 


Those who had high school 
physics (126) but not high school chem- 
istry surpassed the 126 who had neither 
high school physics nor chemistry (critical 
ratio of 1.62) indicating that it cannot be 
stated with confidence that a significant 
The 98 who had taken 
both physics and chemistry in high school 
compared with 98 who had chemistry but 


not physics showed a critical ratio of 2.55 


difference exists. 


in favor of the former, which was signifi- 
cant at the five per cent level. This was 
the first significant indication that there 
is a carry-over of knowledge and skill from 
high school physics to the first semester 
of college chemistry. Those who had both 
physics and chemistry in high school were 
found to be far superior to those who had 


Also, 
those with both high school chemistry and 


neither, with a critical ratio of 6.136. 


physics were superior to those with high 


school physics but not high school chem- 
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istry (critical ratio 4.126) which was sig- 
nificant at the 1 per cent level. These re- 
sults indicate that a course in chemistry 
in high school contributes more to success 
in first semester college chemistry than a 
course in high school physics. However, 
the results also indicate that students who 
had a course in physics in high school were 
more successful in college chemistry than 
those who had not had high school physics. 
The above differences were found to be 
about the same when scores for male and 
female were compared separately, with no 
significant difference between achievement 
for the sexes. Positive correlations were 
found between grades attained in college 
chemistry and both © and T scores on the 
American Council Psychological Exami- 
nation, with greater correlation for those 
who had had high school chemistry, Fur- 
ther, there was a greater relationship be- 
tween grades attained in the first semester 
college chemistry and © and T scores at- 
tained by the male subjects than by the 
female. This study provides some con- 
tribution to a perennial question on which 
many college chemistry teachers have em- 
phatic views. 


5. Studies Related to 
Scientific Method 


Elements of the 


Randall [C 33] conducted an 


mental study on the teaching of scientific 


experi- 


thinking in a physical science course. He 
undertook to determine the extent to which 
a random group of thirty-six non-science 
majors in a first semester non-laboratory 
physical science course (with demonstra- 
tions) developed their critical evaluation of 
scientific articles as one means toward de- 
velopment of ability to think scientifically 
and comprehend and profit from the factual 
The 


tests 


information contained in the course. 


instruments used were standardized 


and two devised by the experimenter but 
not included in the report. Since no control 


group was used, the author’s conclusion 


that the lecture-discussion-demonstration 
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method used was effective, has a limited 
validity, if any. 

3ender [C5] conducted a study sum- 
marizing articles concerned with concept 
formation. Her purpose was to provide 
ready access to what is known on the 
subject of concepts, and to stimulate re- 
search efforts in a field greatly in need of 
a study. References were obtained from 
the Readers Guide and the Jnternational 
Index. 
fied memory type of experiment is perhaps 
the most frequently used in studying con- 
cept formation. This consists of drawings 


Her findings were that the modi- 


of various sorts to which nonsense syllable 
names are given. ‘The picture and names 
are flashed at the subject who must memo- 
rize the name that goes with each picture. 
The subject is expected to find a relation- 
ship between the picture and its name. 
Card sorting, blocks, and verbal tests are 
also attempted. The research indicates 
that some feel that the concept originates 
as a hypothesis which the subject then 
proceeds to test; others feel that the 
concept is the result of pure abstraction. 
Certain factors, such as efforts to learn, 
personality type, motivation, sex, and the 
requirements of the task, appear to influ- 
ence the subject in the learning of con- 
cepts. Among concepts tested, a certain 
hierarchy seems to exist. Concepts of 
concrete objects are learned first, those of 
spatial form next, color next, and finally 
those of number. Although this report 
was a brief abstract, it would seem that 
the information compiled might well be 
published in one of the journals giving 
completed reports. Very useful information. 

Naverra [C 25] reports an interesting 
study of the development of scientific con- 
cepts in childhood in terms of a young 
child’s interaction with the physical phe- 
nomena of his environment. While not re- 
viewed in the College Level section, this 
study does have some implications for 
college-level science educators interested in 


elements of the scientific method. 
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6. Studies Related to Textbooks and the 
Production of Texts and Syllabi 


Arthur [C 3] ‘compiled scientific infor- 
mation related to activities in industrial 
arts, and produced a_source-book for 
teachers of science and industrial arts. 
Topics included were “heat treatment 
“electroplating,’ 


‘ 


of metals,” “fluorescent 


” 
’ 


lighting,” “ceramics,” “selection of wood 
“automobile brakes,” and “silk screen 
stenciling.” Methods of helping students 
locate and learn the information are sug- 
gested. Banner [C 4] studied the pro- 
gram of the Michigan Department of Con- 
servation to determine the factors of 
behavioral change involved in achieving 
program objectives, and published the find- 
ings in the form of a syllabus including 
objectives, content, and procedures. Chau- 
vin [C 10] prepared a syllabus for college 
freshmen concerned with the Geography 
of Florida, with emphasis on Florida re- 
sources and their conservation problems. 
Hopke [C 15] investigated the nature of 
physical science education for pre-theologi- 
cal students at Lutheran Colleges and pre- 
pared a syllabus for them. Hall [C 14] and 
Deloach analyzed the treatment of ioniza- 
tion in General Chemistry Textbooks, 
1887-1940. 

Major [C 22] conducted a study to de- 
termine whether the currently used and 
preferred college general biology texts are 
written within the estimated reading com- 
prehension level of freshmen students, and 
the manner in which the readability ele- 
ments of biological material should be 
altered to achieve maximal comprehension. 
The Flesh reading-ease formula was em- 
ployed to estimate probable grade level of 
readability. Two hundred liberal arts 
freshmen not likely to major in the bio- 
logical sciences were randomly divided into 
three groups with approximately the same 
number of above-average, and _below- 
Differ- 
ences in comprehension of graded reading 


average students in each group. 


material was considered significant at the 
five per cent level of confidence. The in- 
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vestigation involved three phases: (1) the 
readability elements and concept load in 
a biology passage. Three graded passages 
were constructed with estimated readabili- 
ties at approximately the 10th, 12th, and 
14th grade levels. The vocabulary load 
was reduced approximately two grade 
levels by definition, example, or context. 
Readability of the third passage was 
reduced two additional grade levels by 
eliminating the less essential biological 
terminology; (2) a nation-wide survey 
was conducted to determine the 10 gen- 
eral biology texts most extensively used 
and preferred during the academic year 
1953-54; and (3) concerned the reada- 
bility elements of number of syllables per 
100 words and the average number of 
words per sentence. The findings and 
conclusions were reported by phases: 
(1) there was significant improvement of 
comprehension when the vocabulary load 
was reduced and when both the vocabulary 
and concept loads were reduced. Improve- 
ment was limited to above-average and 
average students; (2) according to data 
obtained from every tenth page, the mean 
readability score for the books ranged from 
the lower quartile to the median of the 
difficult category. According to the find- 
ings, above-average students will probably 
encounter difficulty with 32.8 to 70.8 per 
cent, and average students 53.6 to 84.7 per 
cent of the reading assignments in the re- 
spective textbooks. 
ages occurred at the beginning and every 
other section of the textbooks; and (3) the 
increased readability was due to reduced 
sentence length and reduced syllable count, 


These difficult pass- 


significantly improved comprehension was 
achieved by above-average students when 
the readability was increased by one grade 
level and by average students. This study 
seems to indicate that the general com- 
plaint of students in reference to the great 
extent of “technical” terms in biology texts 
may be true. 
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7. Studies Related to the Characteristics of 

Science Students and Scientists 

Strauss [C 41] conducted a study de- 
signed to determine whether biological 
scientists and social scientists possess dis- 
tinguishable personal traits in common that 
might be useful in identifying potential 
scientists, and if natural scientists have 
traits uniquely different from those of the 
social scientists. The subjects were males 
who had earned the Ph.D. degree within 
two years prior to the interview. Thirty 
biological scientists and 30 social scientists 
were interviewed. The interview consisted 
of 81 semi-structured questions, required 
3-4 hours each, was recorded on plastic 
discs, and transcribed verbatim. Analysis 
of the interviews yielded 134 clusters of 
categories which served as the basis for 
coding. A readability check of the coding 
produced 75 per cent agreement. Tabula- 
tion of the coded results permitted the com- 
parison between the biologists and social 
scientists using the Chi-square technique. 
The main investigation was preceded by a 
pilot study in which 20 subjects were inter- 
viewed. The findings and generalizations 
indicated no evidence such as “scientific 
aptitude.” Drive was the most apparent 
factor in successful achievement, part of 
the drive being due to academic interest, 
but a more important part being probably 
stimulated by frustrations in early _ life, 
family tensions, or physical and _ social 
A difficult childhood period 
was common among the men. Marvy were 
avid readers during childhood. Only a 
few were outstanding students while in 


handicaps. 


high school. College experiences played 
a greater role in stimulating interest in 
scientific work. Many were more success- 
ful in college than in high school, and did 
The biol- 


ogists required an average of 8.7 years 


even better in graduate school. 


and the social scientists 12.5 years to com- 
plete their graduate work. In the opinion 
of the subjects, scientific research does not 
require exceptional intelligence ; much em- 


phasis was placed on interest, perseverance, 
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and other traits. The subjects placed a 
high value on a broad well-rounded educa- 
tion prior to specialization. There appeared 
tc be few significant differences between 
the biological and social scientists. Perhaps 
their personal traits were characteristic of 
scholars in general. There was strong evi- 
dence that the biologists had been incon- 
spicuous but determined non—conformists 
in their boyhood, and that they became 
interested in their field at an earlier age, 
and had more stable interests. The social 
scientists appeared to be more sensitive to 
people and to inter-personal relations, and 
more willing to conform. They received 
better marks and participated more freely 
in extracurricular activities in high school 
and college. Most of the men were happy 
in their work at the time of the interview, 
and nearly all the scientists reported that 
they enjoyed being with people, and that 
they participated freely in social activities. 
This is another of the studies endeavoring 
to locate future scientists, approaching the 
matter through hind-sight as it were. Like 
any good research, this study suggests 
possibilities for future investigations and 
raises the questions of whether results 
would be similar for chemists, physicists, 
astronomers, anthropologists, psycholo- 
gists, and the like. Would older scientists 
have different traits? The results of this 
study should also be compared with the 
other studies conducted in this field by 
such individuals as Brandwein and Wood- 
burn. 

Phillips [C 31] conducted an investiga- 
tion of the relationship between success in 
college chemistry and a background in high 
school science and mathematics. Some 600 
student records of those enrolled in chem- 
istry for the fall and spring terms of 
1949-50 and 1952-53 at the City College 
of San Francisco were utilized. IBM cards 
were prepared showing grades in high 
school chemistry, algebra 1 and 2, chem- 
istry entrance test scores, ACE QO and L 
score, ACE arithmetic fundamentals score, 
grade in chemistry 17 (a remedial mathe- 
matics course), Chemistry 1A grade, and 





[Vor. 41, No. 5 
other pertinent facts. Correlations were 
run according to the method outlined in 
Croxton and Cowden, Applied General 
Statistics (Prentice-Hall, 1939). The find- 
ings were that none of the factors con- 
sidered was of prognostic value; however, 
several of these factors gave sufficiently high 
correlations to indicate that they are im- 
portant. Reference should be made to two 
reports of MacCurdy’s study [C 20-21] 
which dealt with the characteristics of 
superior science students and their own 
subgroups. 


8. Miscellaneous Studies 


Oakes [C 29] presented a paper at the 
1956 N.A.R.S.T. meeting, “Explanations 
by College Students,” which was based on 
an analysis of the original writings of 
authorities on definitions, usage, and ex- 
travagant claims of both scientists and stu- 
dents as pertains to their explanations of 
scientific phenomena. The paper is an 
excellent approach to semantics, and to 
taxonomy of words and scientific phe- 
It is replete with examples of 
statements made by students in college 
classes which reflect animism, personifica- 
tion, moralistic overtones, needs of the 
organism, non-sequitor reasoning, causa- 
tion of evolutionary and other behavior, 
teleology, and the like. Oakes summarizes 
and recommends: (1) there is considerable 
evidence that college students use animistic, 
anthropomorphic, and teleological concepts 
to account for biological phenomena, and 
that certain of their explanations are “pre- 


nomena. 


99 66 


scientific,” “Aristotelian,” and involve over- 
lapping and duplication among the varieties 
enumerated above. Oakes believes that 
specific attention to this aspect of scientific 
thinking might well be taken into account 
as one criterion for selecting textbooks, 
and that it would be valuable to develop 
classroom procedures designed to remedy 
and replace these teleological explanations. 
Finally, Oakes suggests that if, as it seems 
to be true, teleological, animistic, anthropo- 
morphic, and other “un-scientific” explana- 
tions are widespread ways of thinking ex- 
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pressed by students, perhaps its correction 
might well become one of the objectives 
formulated for courses in the biological 
sciences. 

Certain studies reported in Safety Edu- 
cation are listed in the bibliography but 
are not reviewed in this summary of re- 
search since they do not conform to the 
levels or purposes of research-to which the 
N.A.R.S.T. has committed itself. 
include reports by Steacker [C 39], Kay- 
wood [C 16], and Stone [C40]. 


These 


SECTION II 
Interpretation and Recommendations 


A. Elementary Level 

B. Secondary Level 

C. College Level 

D. General Considerations 


Interpretation and Recommendations Con- 
cerned with the Current Research 


The Committees that produced the ma- 
terial upon which this report is based sur- 
veyed all issues of more than 45 journals 
which from time to time have carried re- 
ports of research in science education. In 
addition, each committee was assigned to 
review the abstracts of unpublished studies 
in science education that are collected an- 
tually from more than 1,200 institutions 
by the U. S. Office of Education. 

Although the search by committees and 
the Office of Education have been as 
meticulous as possible, no claim is made 
that every study has been located. Both 
the National Association for Research in 
Science Teaching and the Office of Educa- 
tion are committed to a policy of profiting 
by the work of previous committees in an 
attempt to improve the techniques and the 
product. 

The interpretations and the recommen- 
dations proposed in this section are those 
which have been made by the level chair- 
men and the general chairman. Thus, to 
some degree, they may reflect personal 
biases although every possible precaution 
has been taken to insure objectivity. For 
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any errors of judgment or faulty interpre- 
tations, the general chairman accepts full 
responsibility. 


A. The Elementary Level 


Dean George Mallinson, in an earlier 
survey of the research in the area of ele- 
mentary science, has pointed out that over 
the past few years the research at this level 
has generally sought to determine the ex- 
tent to which the success of a program of 
science instruction in the elementary school 
depends upon: 

(1) The training of the teachers 

(2) The design of the curriculum. 

(3) The methods of evaluation. 

(4) The use of text books. 

Science in the elementary school as gen- 
eral science rather than the earlier nature 
study, has now been a part of the curricu- 
lum for more than thirty years. Over this 
period there has accumulated a large body 
of experiential knowledge and a consider- 
able body of sound research which have 
produced reliable guide lines for future 
progress. 

However, with all of this available in- 
formation, no basic status studies have been 
carried out and repeated at intervals to 
provide a basis upon which trends in ele- 
mentary science may be reliably discerned. 
In the current survey two such studies 
were reported, one by Vincent [E 19] and 
the other by Goehring [E5]. There is a 
need for a series of broad status studies 
carried out generally at the national level, 
and applied to more specific issues at State 
and local levels, to provide a reliable basis 
for curriculum revision in elementary sci- 
ence and upon which curricula at the sec- 
ondary level may be planned. With the 
current agitation for a twelve or fourteen 
year sequence in science offerings it be- 
comes very important that more exact 
information about the program in the ele- 
mentary school be made available. 

Curriculum planners in the area of ele- 
mentary science are constantly faced with 
the need of more information concerning 
the grade or level placement of science con- 
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cepts. In this survey two excellent studies, 
one by Lowheed [E7], and the other by 
Mallinson, Sturm, and Mallinson [E 8], 
throw some further light on this difficult 
problem. The critical need for full and 
complete information on this problem 
might well make of it a topic for some 
directed team research. 

Several studies are reported in this sur- 
vey which relate to the learning of sci- 
ence principles and concepts. Among these 
are the studies by Murray [E 11], Schultz 
[E 16], and Knight [E6]. Each of these 
studies by itself is excellent and no doubt 
has made a significant contribution to the 
literature. However, this again is an area 
in which there is a need for planned and 
concerted team research to provide a more 
reliable basis upon which to plan the learn- 
ing experiences of young people. 

There appears to be a growing concern 
over the country about the development of 
scientific attitudes and the abilities of criti- 
cal thinking or problem solving. The ele- 
mentary school offers a peculiarly impor- 
tant place where the development of these 
less tangible outcomes should be started. 
In this survey three studies are reported 
which deal with these important aspects 
of science instruction; one by Atkin [E 1], 
one by Rimoldi [E14], and one by Ste- 
faniak [E 18]. 

Some of the needed studies recommended 
by the committee in the area of problem 
solving are: 

(1) Techniques of setting up problems to be 
solved in a unit of work. 

(2) Learning experiences designed to help 
pupils identify problems. 

(3) Processes involved in proposing and test- 
ing hypotheses. 

(4) Learning experiences designed to help 
pupils interpret evidence. 

(5) Learning experiences designed to help 
pupils draw conclusions from data. 

This survey reports two studies related 
to science instruction for retarded pupils, 
one by Onstead [E13] and the other by 
Ross [E15]. These are no doubt very 
important contributions to the literature 
because the problem of the less-able child 
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is an ever present one. However, with all 
of the current concern over the need for 
identifying and providing for the gifted 
child in science and the realization that 
this is important at the middle and late 
elementary grades may point to the need 
of some research studies devoted to these 
problems. 

The problem of science interests of young 
children has been the topic of a consider- 
able body of research. No studies in this 
important area are reported in this survey. 
With the increase of concern about the 
early identification of children with science 
potential there may be a need for a series 
of more refined and searching studies of 
the factors which motivate these young 
people. 

Studies related to teacher training in 
this survey have been reported by Mallin- 
son and Sturm [E9] and by Chamber- 
lain [E 3]. These studies are definitely of 
high calibre and deserve the careful scru- 
tiny of science educators interested in this 
area. The current shortage of teachers of 
science and the nation-wide programs cur- 
rently in progress to improve science 
teachers might point to the need for a 
searching examination of our programs of 
teacher education. And, although there is 
a reasonably large accumulation of research 
in this area, there is a need for much more 
research that is focused on the problem of 
providing improved programs of teacher 
training in science. 

Several studies are reported in this sur- 
vey that are related to the text book in 
elementary science. When one considers 
that perhaps the most unique thing about 
learning in science is the experiment, it is 
surprising to see that no studies are cur- 
rently reported which deal with the experi- 
mental exercise as a learning situation in 
elementary science. 

At the junior high school level the indi- 
vidual experiment has almost disappeared 
in favor of the pupil and/or teacher-demon- 
It is to be hoped that children 


in the elementary school will have a rich 


stration. 
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experience in direct learning through ex- 
perimental exercises. To this end there 
may be a need for a group of studies re- 
lated to the most promising experiment 
techniques to be used at the various levels 
of the elementary school and the closely 
allied problems of facilities and equipment. 

While many of the studies on the ele- 
mentary science level reported in this sur- 
vey are to some extent incidental, frag- 
mentary, and peripheral, certain of them 
are of major stature and have made 
significant contributions to the literature 
concerned with basic major problems of 
science teaching. 


B. Secondary Level 


Few, if any, general features of the re- 
search reviewed by the committee differ 
from those cited in summaries of former 
reviews. The volume of research was 
still disproportionately low; many areas 
of secondary science education remain 
either virgin territory or little explored; 
the results of even the best studies are 
dimmed by the lack of an over-arching 
research plan; a surprising number of 
studies were poorly designed (and there- 
fore omitted from this review) ; and most 
of the investigations dealt with getting in- 
formation on existing conditions in the 
field. 

It is obvious that the questionnaire is 
the most popular investigative device of 
those active in secondary science research. 
Where precise description is not material 
to a valid conclusion, where items can be 
answered without the possibility of per- 
sonal bias (unless, of course such bias is 
sought), and/or where the number of re- 
turns permit a high order of confidence in 
the generalizations derived, then, without 
doubt, the questionnaire can be an efficient 
instrument of research. Too often, how- 
ever, none of these conditions prevail, and 
no measures are taken to correct for the 
distortion that results. 

The great incidence of status studies is 
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unquestionably a reaction to the uneasiness 
felt by most educators over the health of 
science education in all its aspects in the 
public schools. Perhaps it is inevitable 
that these studies have come after the 
critics have had their say, rather than 
before. The results of some surveys may 
be reassuring to the professionals, but the 
intelligent layman will remember only the 
misgivings of the detractors. 

General science, biology, and chemistry 
appear to have claimed the attention of 
investigators equally. Only physics seemed 
to lag. Perhaps if secondary school physics 
had a patron similar to that of secondary 
school chemistry (the American Chemical 
Society), it, too, would be an active field 
of inquiry. 


C. The College Level 

Some of the current research at the col- 
lege level serves to foster the development 
At the 


same time much is concerned with sustain- 


of new and important practices. 


ing and strengthening present practices of 
science education. While it is difficult to 
specify the extent to which research in any 
area influences another, there is some indi- 
cation that the execution of science educa- 
tion research at the college level is not as 
closely coordinated with the practice, or 
vice versa, as it might be. If this sus- 
picion is true, it may be due to a lack of 
“readiness” to accept science education re- 
search studies that are available or perhaps 
to a lack of information about studies that 
have been conducted. 

An analysis of the current studies indi- 
cates a somewhat disconnected approach 
to research in science education at the col- 
lege level. If one used the present group 
of studies reported in this survey as one 
base for developing a definition of college 
level research in this field, he would be 
struck for the concern for curriculum revi- 
sion and methodology. Of the 48 studies 
reported on the college level, 24, or half 
are specifically concerned with curriculum 
and methods. 
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There can be no doubt but that these are 
important and justified, but it raises the 
question as to the extent to which studies 
are needed on other basic problems related 
to science teaching at the college level. 

Perhaps it is a little premature to expect 
that, with all the activity in the retraining 
of science teachers through workshops and 
institutes supported by Federal funds, by 
industry and other agencies, the research 
would reflect some interest and concern 
for the nature and effectiveness of these 
programs. 

A considerable proportion of the college 
level research that is reported in this sur- 
vey is concerned with the identification of 
objectives which are stated as principles, 
generalizations and concepts, or with varia- 
tions in methods of presentation, and/or 
evaluation. The sources of a considerable 
amount of the data are found in opinion, 
social statistics, and others which tend to 
be secondary in nature. There are too few 
of more imaginative designs and techniques 
utilized and seemingly too little concern 
for a basic philosophy of science education, 
or of value determination in the use of 
statistical procedures. 

Only three studies are reported which 
bear on scientific method or problem solv- 
ing. Perhaps at no other time in the 
history of science education in America 
has there been greater need for fuller 
realization of this goal. This is particu- 
larly true at the elementary and secondary 
levels. If young people in the schools are 
to be trained to use the elements of prob- 
lem solving, their teachers must under- 
stand it and be able to use it themselves. 
Teachers are prone to teach as they have 
been taught. Thus it seems important to 
point up the very great importance of and 
need for, much more research at the college 
level directed toward the matter of scien- 
tific thinking and attitudes. 

The effective use of the laboratory in 
college science has been an almost perennial 
problem reflected in the research literature. 
In the current review there are a few 
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studies that relate in one way or another 
to the laboratory. This appears to be an 
area which could become the focus of some 
searching studies directed toward problems 
of adequacy and effectiveness of present 
laboratory programs in reaching the pur- 
poses of teacher training in science. 

This survey of the research in science 
education at the college level seems to indi- 
cate that there is a need for greater em- 
phasis on action and cooperative research 
for the development of new designs for 
experiments, especially in the universities 
from which the higher degrees are granted. 

It seems evident that most college facul- 
ties are concerned with the problem of 
dealing with individual differences. The 
research which has been conducted on this 
problem appears to indicate a rather wide 
acceptance of the broad range of abilities 
or traits which the performance levels of 
college students reveal, however, there is 
a continued rejection of the practical im- 
possibility of ability groupings. This is 
reflected in the studies now being con- 
ducted which pertain to success, and the 
prediction of success, of students with or 
without certain high school or other experi- 
ences in the sciences, or attributes alleged 
to be characteristics of scientists. 

There appears to be a need to re-define 
research in science education at the college 
level. This conclusion is based on the be- 
lief that the observance of bit-by-bit and 
day-to-day conditions under which learn- 
ing takes place requires quite a different 
approach to the observance of ‘change in 
student behavior. More specifically, there 
appears need for: (a) investigations of 
the conditions under which present be- 
havior is maintained or eliminated; (b) in- 
vestigations of the conditions under which 
new behavior patterns are acquired; and 
(c) investigations of the conditions under 
which continuing behavior is developed, 
shaped, structured, and maintained. There 
also appears a need for more fundamental 
concern for experimental determinations 
and verifications. 
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The research at this level, as is also true 
of the elementary and secondary levels, 
reflects concern over many basic issues. 
However, the attack on these problems is 
somewhat fragmentary and lacks a planned 
and concerted attack through which suf- 
ficient data might accrue to solve the prob- 
lems. Perhaps this situation demands some 
basic assessing of the issues and a clear 
definition of specific problems to be fol- 
lowed by a carefully planned frontal attack 
through individual and team research. 


D. General Considerations 


This fifth annual review of the research 
in science teaching represents many man- 
hours of conscientious labor by a group 
of devoted and competent people. The gen- 
eral chairman wishes to pay a tribute to 
this group and to express appreciation for 
the fine cooperation which has prevailed 
througout the undertaking. 

The National Association for Research 
in Science Teaching has formulated a list 
of criteria which have been used by the 
various level committees over the years in 
selecting those studies to be reported, An 
examination of these criteria will reveal 
that they are rather rigorous. On the 
basis of these criteria many studies have 
been rejected this year as has been the case 
il previous years. 

However, when one examines the re- 
ported research over the past several years, 
including the current review, with these 
criteria in mind, there is some evidence that 
there is a need either for improving the 
criteria or for applying them more rigor- 
ously to the studies which are examined. 
Some of the studies reported both in pre- 
vious reviews of the research and in the 
current survey do not measure up to a 
standard which will add stature to the 
research in science education. No doubt 
some of these studies have been reported 
because, in the opinion of the committee, 
there might be useful suggestions of tech- 
niques for other studies in them. 

This is a point of particular importance 
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at this time because there has been some 
questioning by outside groups regarding the 
value of some of the research reported in 
science education. There are many organ- 
izations, agencies, and institutions currently 
engaged in programs directed toward the 
improvement of science teaching. The per- 
sonnel concerned with these programs are, 
to a large degree, depending upon the re- 
search group in science education for basic 
information which will provide sound guid- 
ance for their undertakings. 

The science education fraternity, and 
more especially that segment of it which 
has been set apart because of its concern 
for research, must be very certain that the 
product which it reports can bear up under 
the scrutiny of others in our field and in 
related fields. 

There are a considerable number of 
studies reported in this survey which can 
contribute to this end. However, it must 
be stated that there are others which add 
little either to the stature of our profession 
or the improvement of science teaching. 

The overall pattern of the survey reveals 
concentration in some areas and a pausity 
of research in other areas. Some of the 
areas where there is a preponderance of 
studies are relatively of little concern when 
one views the long-range improvement of 
science teaching. This point has been spe- 
cifically discussed in earlier sections and 
so need not be elaborated further. 

On the other hand, some of the areas 
in which relatively little research has been 
reported, appear to be of greater concern 
both with respect to current problems and 
those with longer-range implications. This 
is a matter of critical importance which 
should enlist the serious consideration of 
science educators everywhere and particu- 
larly those who are in a position to direct 
research. 

There is another aspect of that broader 
pattern of research which needs considera- 
tion. At the present time there is consid- 
erable attention being directed toward the 
problem of on-the-job research for science 
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teachers. Among those who are develop- 
ing plans for a program of this type there 
is the belief that some of this research by 
teachers could very well be directed toward 
the solution of some of the troublesome 
problems now confronting science teaching. 

If such a program of research could be 
effected, it would be of limited value if 
“ach potential research worker picked up 
some small and fragmentary problem and 
pursued it narrowly. The program could 
make a significant impact for the general 
improvement of science teaching if it was 
planned and carried out as a frontal attack 
on broad basic issues with teams of in- 
vestigators working on a planned pattern 
oi studies. 

Today there are many millions of dollars 
being spent annually for the improvement 
oi science teaching in America. Some of 
this money is being made available from 
private sources. Most of it is coming from 
the Federal Government. This means that 
the Congress of the United States and an 
imposing segment of our industrial econ- 
omy believe that the science teaching enter- 
prise in this country is exceedingly im- 
portant. It implies further that these 
groups have discerned critical problems 
currently facing the Nation which are 
deeply rooted in the teaching of science in 
the public schools. They are determined 
that these problems will be solved. 

This presents the science teaching pro- 
fession with a challenge of no mean pro- 
portions. We must assume the leadership 
that is needed and direct the programs in 
such a way that the teaching of science is 
upgraded to the level that is demanded. 

Basic research is of the greatest signifi- 
cance in the long-range improvement of 
Without it 
little progress can be made. However, the 


science teaching in America. 


peripheral and fragmentary nature of some 
of the unpatterned research which now 
characterizes the efforts in this area will 
not produce the sound data that are needed 
for the present and long-range improve- 


ment of teaching. 
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As perhaps at no other time in the his- 
tory of science teaching in America there 
is a need for concerted action by high- 
level groups which will be concerned with: 


(1) The determination of the basic issues, 
problems, and needs in science education related 
both to the present and the long-range improve- 
ment. 

(2) The critical evaluation of presently avail- 
able research findings in terms of the issues, 
problems, and needs defined in (1) above. 

(3) The designation of areas of science teach- 
ing where more research is needed. 

(4) The designing of a comprehensive plan of 
research in science education directed toward the 
solution of basic problems. 

(5) The formulation of a program of coopera- 
tive team research which can carry out the needed 
studies. 

As one phase of such a broad program 
of studies in science teaching the United 
States Office of Education is now beginning 
the following series of basic status studies. 
The major purpose of these studies is to 
secure data important for the solution of 
current problems as well as to begin the 
accumulation of findings from which trends 
can be assessed with some degree of reli- 
ability. Each of the status studies will be 
repeated at regular intervals. 

(1) Science and Mathematics Teaching in the 
Public High Schools of the United States. 

(2) Science and Mathematics Teaching in the 
Public Junior High Schools of the United States. 

(3) Science and Mathematics Teaching in the 
Public Elementary Schools of the United States. 

(4) Science and Mathematics Teaching in the 
Teacher Training Institutions of the United 
States. 
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General Education Program and Teacher Train- 
ing,’ The American Biology Teacher, 18 (May 
1956), 200-201. 
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No. 1 (February 1956), 24-43. 
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1955), 287-300. 
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HE 1958 N.A.R.S.T. meeting will be 
held at the Hotel Sherman, Chicago, 
Illinois, February 20-22. A joint meeting 
will be held with the National Council for 
Elementary Science on February 22. 
Persons desiring to present research 
papers on some phase of teaching science or 
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36. Sleeman, Richard Alexander, “A Proposed 
Science Program for General Education at 
Castleton Teachers College, Castleton, Vermont.” 


Unpublished Doctoral Dissertation, New York 
University, 1955. 
37. Smith, Grant W., “An Experiment in 


Teaching General Chemistry by Closed-Circuit 
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No. 6 (June 1956), 257-263. 

38. Sonneborn, T. M., “Protozoa in the Gen- 
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(April 1956), 21-22. 

40. Stone, III, Phil, “The Students Answer,” 
Safety Education, 35, No. 7, Section 1 (March 
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41. Strauss, Samuel, “Backgrounds and Traits 
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Unpublished Doctoral Dissertation, University of 
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Education, 32, No. 9 (September 1955), 475-477. 
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MEETING 


who know of persons who should be invited 
to present research papers, should contact 
the Program Chairman, Professor Thomas 
P. Fraser, Morgan State College, Balti- 
more, Maryland, or Clarence M. Pruitt, 
Secretary of N.A.R.S.T., University of 
Tampa, Tampa, Florida. 










NEEDED RESEARCH IN 


HUBERT 


SCIENCE EDUCATION * 


M. Evans 


Teachers College, Columbia University, New York, New York 


I seems hardly necessary at this point 
to engage in an extensive review of 
needed research in science education. All 
members of the N.A.R.S.T. have at hand 
the December 1956 issue of Science Educa- 
tion in which there are several excellent 
papers on this important topic. Therefore, 
it is my purpose in this paper to discuss 
briefly some problems which I believe to be 
of some importance, and relevant to re- 
search in science education, and thus to 
supplement the aforementioned papers. | 
will attempt first to discuss a few specific 
classroom problems; second, the problem 
of lag between research findings and class- 
room practices; and finally, some general 


problems that need attention. 


SOME 


Most the 
psychological dictum, ‘No motivation: no 


SPECIFIC CLASSROOM PROBLEMS 


educators are familiar with 


Associated with this dictum is 
Most of us 


learning.” 
the interest factor in learning. 
would agrce that interest and motivation 
go together and are essential to learning. 
Yet how seriously are these two factors 
the 
they interpreted intrinsically rather than 


taken in classroom; how often are 


extrinsically; how often are they used 
systematically and constructively as cri- 
teria for judging the educational worth 
of classroom experiences. The answer is, 


surely, not often enough. This suggests, 
to me at least, the need for research and 
the development of the 


action focused on 


kinds of learning situations where pupils 


will have a fair opportunity to develop 
intrinsic interests and motivational patterns 
which will lead to genuine learning of the 
sort specified in our educational goals and 


objectives. It is my opinion that this repre- 


* Paper presented at the Thirtieth Annual Meet- 
ing of the National Association for Research in 
Science Teaching, Hotel Claridge, Atlantic City, 
New Jersey, February 16, 1957. 


sents the correct approach to ridding the 
classroom of the “felt need’ of the teacher 
to invoke the traditional psychological 
threats and repressions as motivational de- 
vices, all too common in our classrooms 
today. 

The science educator is fortunate in that 
he may develop such a variety of learning 
his work as a 


situations traditional to 


teacher. That many of these learning situ- 
ations are often underdeveloped could be 


What I 


am referring to here specifically are field 


the understatement of the year. 


work, the laboratory and demonstration 
experience and student projects. It is not 
that science teachers are unaware of these 
learning situations or that they do not 
utilize them from time to time. The point 
is that the interest, motivational, and thus 
learning potential of these experiences are 
seldom fully developed and_ integrated. 
Surely there is room and need here for 
further research; not to determine or com- 
pare the educational worth of the field ex- 
perience, the laboratory experience, and 
the project experience, but to find out how 
the educational potential of these experi- 
ences may be fully developed and ex- 
the total 
teaching-learning situation of which they 


ploited, and integrated with 
are a part. 

The specific and general problems asso- 
ciated with attitudes need constant study 
and attention. Much publicity has been 
focused of late on the attitudes of young 
people toward science and scientific careers. 
Much of this publicity has been inimical 
to science education and to the scientific 
enterprise not to mention the young people 
themselves. How much truth there may 
be in this publicity, some of which is based 
me at least, 


But it is not dif- 


on research findings, is, for 
difficult 


ficult to recognize the basic importance ol 


to determine. 


public attitudes as they bear on_ science 
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education and on the scientific enterprise. 
At the risk of being naive I would like to 
several definitive 
What is the relation 
of attitudes toward science to choice of a 
What are the 
which determine a high school student’s 


suggest the need for 


studies in this area. 


scientific career? factors 


attitudes toward science and _ scientific 


careers? In what respects-do physics and 
chemistry students’ attitudes toward sci- 
ence differ from those held by other stu- 
dents? In this connection, the attitudes 
toward science and science teaching held 
by the science teacher needs to be taken 
into account. I know of no recent study 
in this area. 

Before leaving this section, brief men- 
tion may be made of another problem. 
Public discussion of the education of the 
superior or gifted student in science is still 
vitiated by prejudice, and illogical argu- 
ments. To make special provision for the 
superior student in the high school pro- 
gram, for example, is claimed to be un- 
democratic ; or to be unsound educationally, 
or to be against the best interests of the 
superior science student. The introduction 
of such arguments when accepted as gospel 
tend to and to 
make further inquiry difficult if not impos- 
sible. 


obscure the: basic issues 
The need for some definitive studies 
on this problem is obvious. 


THE LAG BETWEEN RESEARCH AND 
PRACTICE 
The influence of extant research findings 
appropriate to science education on class- 
room practices is hardly encouraging to 
further 


research. That eventually some 


educational research does influence prac- 
tices in science classrooms can not be 
doubted. But why the long period between 


the publishing of the findings and the 


changed practices? Here again we have 
much discussion permeated with undocu- 
While it 


is true there have been many studies to 


mented opinion and assertions. 


determine the existence and time of the 
lag, relatively few systematic efforts have 
been made to throw some light on how 
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the time lag may be reduced and how valid 
research findings may be focused on the 
classroom situation. To accept the lag as 
a social phenomenon and inevitable, as 
some do, is to adopt an unnecessary fatal- 
istic position. Other sectors in the culture 
have made much progress in solving this 
problem; take agriculture, for example. 
that edu- 
\gain at the risk 
of appearing naive, I would like to to make 


It seems reasonable to assume 


cators can do likewise. 


two or three suggestions. 

1. Perhaps one of the first things to do 
is to institute a number of regional sur- 
vey studies, in some depth, of the value 
of educational research for the science 
teacher. These studies might be carried out 
using the questionnaire technique supple- 
Data thus collected 
and analyzed might furnish guidance for 


mented by interviews. 


further research in science education. 

2. Systematic encouragement of teacher- 
classroom research is long overdue. I do 
not have in mind large, complicated studies, 
rather small studies systematically carried 
on by the teacher for the purpose of test- 
ing new ideas, techniques and the like. 
that the 


research with teaching is a necessary con 


It seems to me integration of 
dition for speeding up the classroom utili- 


zation of the findings from educational 
1esearch. 
3. The 


science teachers needs to be critically ex- 


present programs for training 


amined from the standpoint of the com- 


petencies needed by the modern science 
If it can be shown, and I believe 


that the 


teacher. 


it can, science teacher needs to 
develop some competency in research, then 
opportunity to acquire such competency 
should be provided in pre- and in-service 
programs. 

4. Finally, there is a need for some 
bold experimentation in the classroom to 
teacher- 


be undertaken by competent 


researchers which would involve fairly 


large scale departures from existing meth- 
ods and procedures; for example, a new 
physics course, radically different in or- 
ganization and outlook than the present 










414 ScIENCE EpDUCATION 


course, as has been suggested from time to 
time. 

It seems to me that it is entirely proper 
for the N.A.R.S.T. to take firm hold of 
at least some of the problems associated 
with the development of classroom research 
and to systematically study these problems 
and lend support to the further develop- 
ment of action or classroom research. It 
seems reasonable to suggest that one 
project the Association might undertake 
at once is the preparation of a brochure 
to help guide the teacher-researcher in de- 
veloping and carrying through classroom 
research projects. 


SOME GENERAL PROBLEMS 


Brief attention to two general problems 
will conclude this paper. The first problem 
has to do with trends in science education 
research. Here, it seems to me we need 
more than a summary of existing research 
projects. What I have in mind is a study 
of reported research in science education 
with the purpose of gathering data with 
respect to such questions as: Is the range 
of current research projects narrow or 
broad? What important research prob- 
lems or areas are neglected? Are fruitful 
questions being raised and studied? What 
are the trends in the quality of the evi- 
dence underlying the reported findings? 
Is it of such a nature as to permit gen- 
eralizations that go beyond the immediate 
research situation? Are present studies 
making a greater contribution to curricu- 
lum theory than formerly? Is there any 
trend toward developing research studies 
which have the quality of reproducibility ? 
Do recent studies show evidence of utiliza- 
tion of modern research designs, methods, 
and techniques? From data gathered with 
reference to these and other questions, it 
may be possible to assess more realistically 
the worth and status of research in science 
education and to point up new tasks and 
directions for future research. 
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The second problem I approach with 
some hesitation. It has to do with doc- 
toral research programs sponsored by col- 
leges and universities. Every year, large 
amounts of time, energy, and money are 
poured into these programs. The question 
which needs to be raised periodically is: 
Are the results commensurate with this 
expenditure of time, energy, and money? 
Admittedly this is a question which those 
responsible for the research programs feel 
they should answer without too much 
assistance from outside sources. Yet I be- 
lieve it reasonable to suggest that an evalu- 
ation of any doctoral research program 
could be improved if some sort of coopera- 
tive arrangement with outside groups could 
be made so that a wider perspective could 
be developed with respect to existing doc- 
toral programs. The role of the N.A.R.S.T, 
in such a venture if such should prove 
feasible and desirable would be in the na- 
ture of leadership, at least in the beginning. 
It seems to me that there is much to gain 
and little to lose in such a cooperative 
effort; not the least important of which 
might well be the general improvement of 
research in science education. 

As a concluding remark I would like to 
reaffirm my faith in research as a way to 
improve the science curriculum; my faith 
in the ability of science educators to carry 
on the necessary research at all levels; and 
my faith in this Association’s ability to fur- 
nish some of the needed leadership. 


NATIONAL COUNCIL FOR 
ELEMENTARY SCIENCE 
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AMERICAN DOCTORAL DISSERTATIONS ON SCIENCE 





WRITTEN BY WOMEN IN THE NINETEENTH 
CENTURY 


WALTER Crosspy EELLS 
3700 Massachusetts Avenue, N.W., Washington, D.C. 


HE first doctorates of philosophy earned 
Tis an American university were con- 
ferred on three men at Yale University in 
1861. The first doctorate earned by a 
woman was conferred by Boston Univer- 
sity in 1877. Since 1861, as shown by 
tables prepared by the writer for the cur- 
rent edition of American Universities and 
Colleges (Washington: American Council 
on Education, 1956, seventh edition, pp. 
65-80), more than 130,000 doctorates have 
been conferred in the United States, over 
15,000 of them on women. 

Records regarding these women, par- 
ticlarly prior to 1901, are very incomplete 
and inaccurate in the published reports of 
the U. S. Commissioner of Education. 
Considerable information concerning 229 
of them who earned their doctorates dur- 
ing the nineteenth century is given in an 
article by the writer in the Winter 1956 
isse of the Bulletin of the American Asso- 
ciation of University Professors. This in- 
formation includes names, institutions, 
dates, and major fields of study for these 
229 women who thus were pioneers in the 
field of advanced scholarship in the United 
States. 

Through a search of the early catalogs 
and other institutional publications in the 
library of the United States Office of Edu- 
cation and through correspondence with 
the librarians, archivists, and alumni sec- 
retaries of the institutions concerned, the 
writer has been able to secure also the dis- 
sertation subjects for more than nine-tenths 
of these women. There was not space, how- 
ever, to list all of these dissertations and 
other information concerning their authors 
in the Bulletin article referred to above. 
Information regarding publication of more 
than half of these dissertations and in many 
cases dates of birth and death of their 
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authors have been found at the Library of 
Congress. 

Of the entire group of 229 known nine 
teenth century women doctors, at least 
38 wrote 39 dissertations in the fields of 
the sciences—chemistry, 13; zoology and 
physiology, 12; botany, 8; physics, 3; 
geology, 1; teaching in science, 1; and 
unknown, 1. Miss Cornelia Clapp has the 
distinction of securing a Ph.D. in zoology 
in 1889 at Syracuse University, and a 
second Ph.D. in the same field at the Uni- 
versity of Chicago in 1896. The sum- 
maries given below refer to the 39 disserta- 
tions, not to their 38 authors. 

The largest number were written at the 
University of Pennsylvania with eight, fol- 
lowed closely by the University of Chicago 
with seven, and Cornell University with 
five. These three institutions account for 
more than half of the dissertations. Eleven 
other institutions are included in the group 
—Yale University, four; Bryn Mawr Col- 
lege and Syracuse University, three each; 
Columbia University, two; and George 
Washington University, Johns Hopkins 
University, McKendree College, Univer- 
sity of Michigan, New York University, 
Western Reserve University, and Univer- 
sity of Wooster (now College of Wooster), 
one each. All are Ph.D. degrees except 
four Se.D.’s at Cornell University. 

The earliest of the group accepted was 
written in zoology in 1880 at the Univer- 
sity of Pennsylvania by Mary Alice Ben- 
nett. The next three were in 1888 and 
1889. One or more were accepted each 
year from 1892 to 1900, the largest num- 
ber being eight in 1896. 

The names of the 38 women who secured 
doctor’s degrees in science (with subse- 
quent married names, if any), institution 
and year of their bachelor’s degree, institu- 
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tion and year of their doctor’s degree, and 
birth and death dates, as far as these data 
have been found, are given below. These 
titles of 
doctoral dissertations and all available in- 


facts are followed by the their 


formation concerning their publication. 
Publication data have been found for two- 
thirds of these science dissertations. 

This 
early women scholars and their original 
fields of 


may be of some interest to those engaged 


historical information concerning 


contributions to various science 


teday in the teaching of the sciences and 


in the direction of science research in 


American universities and colleges. 


Alice Hopkins Albro. (A.B., Bryn Mawr, 
1890. ) Ph.D., Yale University, 1898. (Mrs. 
Charles Albert Barker.) Dissertation: “The 
Origin and Chemical Relationship of Some 
Products of Proleolytic Cleavage.” 

Elizabeth Allen Atkinson, 1868- Ph.D., 


University of Pennsylvania, 1898. Dissertation: 
“T. Metal Separation by Means of Hydrobromic 
Acid Gas; II. Indium in Tungsten Minerals.” 
Publication: Journal of the American Chemical 
Society, 20:797-813, October 1898. (Contribu- 
tions from the Johns Hopkins Laboratory of 
Chemistry, No. 31.) 

Martha Austin. (B.S., Smith, 1892.) Ph.D., 
Yale University, 1898. (Mrs. Isaac King Phelps.) 
Dissertation: “The Estimation of Manganese in 
Analysis.” 

Caroline Willard Baldwin, -1928. Sc.D., 
Cornell University, 1895. (Mrs. Charles Theo- 
bald Morrison.) Dissertation: “A Photographic 
Study of Arc Spectra.” Publication: Physical 
Review, 3:370-380, March-April 1896; and 
3 :448-457, May-June 1896. Also reprint, as 
single publication. 

Florence Bascom, 1862-1945. 
sin, 1882.) Ph.D., Johns Hopkins University, 
1893. Dissertation: “The Ancient Volcanic 
Rocks of South Mountain, Pennsylvania.” Pub- 
lication: Washington: Government Printing Of- 
fice, 1896. 124 p., xxviii plates, including maps. 
(United States Geological Survey, Bulletin, No. 
136. ) 

Mary Alice Bennett. (M.D., Women’s Medi- 
cal Coll., 1876.) Ph:D., University of Pennsyl- 
vania, 1880. Dissertation: “On Points 
in the Anatomy of the Marmoset with Special 
Reference to the Myology of the Fore-Limb.” 

Martha Bunting. (B.L., Swarthmore, 1882.) 
Ph.D., Bryn Mawr, 1895. Dissertation: “The 
Origin of the Sex Cells in Hydractinia and Podo- 
coryne and the Development of Hydractinia.” 
Publication: Boston: Ginn & Co., 1894. 34 p. 
(Revised reprint from Journal of Morphology, 
9 :203-231, plus 3 plates, April 1894.) 

Esther Fussell Byrnes, 1867- . (A.B., Bryn 
Mawr, 1891.) Ph.D., Bryn Mawr College, 1898.) 
Dissertation: “The Maturation and Fertilization 


(B.L., Wiscon- 


Some 
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of the Egg in Limox.” Publication: Boston: 
Ginn & Co., 1899. 36 p. (Reprinted from 
Journal of Morphology, vol. 16, no. 1, p. 201- 
236.) 

Alice Carter, 1868- (Ph.B., Mt. Holyoke, 
1887.) Ph.D., Syracuse University, 1892, 
(Note: Mt. Holyoke Hundred Year Biographi- 
cal Directory, p. 171, gives this date as 1892; 
Syracuse University Alumni Record gives it as 
1888.) (Mrs. Orator Fuller.) Major Field: 
Botany. Dissertation subject not known at 
Syracuse University. 

Cornelia Maria Clapp, 


1849-1935. (Ph.B,, 


Syracuse, 1888.) Ph.D., Syracuse University, 
1889; also Ph.D., University of Chicago, 1896, 
Dissertation: (1) At Syracuse. Major field, 


zoology, but dissertation subject not known at 
Syracuse University. Probable clue to it, how- 
ever, is given by her paper “Some Points in the 
Development of Batrachus Tau” in Journal of 
Vorphology, vol. 5, no. 3, 1891. (2) At Chi- 
cago, “The Lateral Line System of Batrachus 
Tau.” Boston: Ginn & Co., 1898. 42 p. (Re- 
printed from Journal of Morphology, vol. 15, 
no. 2, p. 223-264. November 1898.) Miss Clapp 
was Professor of Zoology, 1904-1916, at Mt. 
Holyoke College, then emeritus until her death. 
The Cornelia Clapp Laboratory, built in 1924, 
was named in her honor. 

Agnes Mary Claypole. (Ph.B., Buchtel, 1892.) 
Ph.D., University of Chicago, 1896. (Mrs. Rob- 
ert Orton Moody.) Dissertation: “The Embry- 
ology and Odgenesis of Anurida Maratima 
(Guer ).” 

Elizabeth Cooke. (B.S., Michigan, 1893.) 
Ph.D., University of Chicago, 1896. Disserta- 
tion: “Investigations in the Osmotic Properties 
of the Muscle.” Publication: Published as 
Osmotic Properties of the Living Frog’s Muscle. 
Chicago: 1899. (Reprinted from Journal of 
Physiology, 23:137-149, Nos. 3 and 4, July 25, 
1898. ) 

Laura Belle Cross. 
Pennsylvania, 1894, 


Ph.D., University of 
Dissertation: “On the Struc- 


ture and Pollination of the Flower of Eupa- 
torium Agerotoides and Eupatrotium Coelesti- 
num.” Publication: Publications of the University 


of Pennsylvania, Contributions from the Botani- 
cal Laboratory, vol. 1, 1892-1897, p. 260-269, 
with one plate following p. 363. 

Mary B. Dennis. (B.S., Daughters, 
Ph.D., New York University, 1892. 
Addison B. Poland.) Dissertation : 
Teaching in the Elementary Schooi.” 

Martha Doan. Sc.D., Cornell University, 
1896. Dissertation: “Contributions to the Chem- 
istry of Thallium.” Publication: Ithaca, New 


1881.) 
(Mrs. 
“Science 


York: 1896. 19 p. 

Charlotte Fairbanks. (A.B., Smith, 1894.) 
Ph.D., Yale University, 1896. Dissertation: 
“The Determination of Phosphoric Acid by 


Methods Involving the Use of Molybdic Acid.” 

Ernestine Fireman, -1930. (M.S., Colum- 
bian University, now George Washington Uni- 
versity, 1898.) Ph.D., George Washington 
University, 1900. (Mrs. Peter Fireman.) 
Dissertation: “The Action of Phosphoniumiodide 
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upon the Common Tetra- and Pentachlorides.” 

Eleanor Acheson McCullough Gamble, 1868- 
1933. Ph.D., Cornell University, 1898. Dis- 
sertation: “The Applicability of Weber’s Law 
to Smell.” Publication: Worcester, Massachu- 
setts: 1898. 62 p. (Reprinted from American 
Journal of Psychology, 10:82-142, October 1898.) 

Emily Ray Gregory, 1863- (A.B., Welles- 
ley, 1885.) Ph.D., University of Chicago, 1899. 
Dissertation: “Observations on the Development 
of the Excretory System in Turtles.” Publica- 
tion: Jena, Germany: G. Fischer, 1900. 34 p., 
6 plates. (Abdruck aus den Zoologischen Jahr- 
bichern ab Theilung fiir Anatomie und Onto- 
genie der Thiere, 13 Band, 4 Heft, 1900.) 

Fanny Ryson Mulford Hitchcock, 1851- 
Ph.D., University of Pennsylvania, 1894. Dis- 
sertation: “Tungstates and Molybdates of the 
Rare Earths.” Publication: Philadelphia: Avil 
Printing Co., 1894. 39 p. 

Mary Emilie Holmes. (A.B., Rockford Semi- 
nary, 1882.) Ph.D., University of Michigan, 
1888. Dissertation: “The Morphology of the 
Carinae upon the Septa of Rugose Corals.” Pub- 
lication: Boston: B. Whidden, 1887. 31 p. and 
xvi plates. 

Henrietta) Edgecomb Hooker, 1851-1929. 
(Ph.B., Mt. Holyoke, 1873.) Ph.D., Syracuse 
University, 1888. Major field: Botany. Dis- 
sertation subject not known at Syracuse Uni- 
versity. 

Elizabeth Jeffreys. (Ph.B., Oberlin, 1895.) 
Ph.D., University of Chicago, 1898. Disserta- 
tion: “On Undecylamine and Pentadecylamine 
and the Preparation of the Higher Amines of 
the Aliphatic Series.” Publication: Easton, 
Pennsylvania: Press of the Chemical Publish- 
ing Co., 1899. 33 p. 

Florence Evyline Johnson, -1924. (A.B., 
Wooster, 1887.) Ph.D., University of Wooster, 
now College of Wooster, 1897. (Mrs. H. H. 
Higbee.) Dissertation: “Uric Acid and Related 
Compounds.” Publication: Post graduate and 
Wooster Quarterly, January 1898. 

Lily Gavit Kollock. (A.B., Goucher, 1895.) 
Ph.D., University of Pennsylvania, 1899. (Mrs. 
Louis John Paetow.) Dissertation: “Electro- 
lytic Determinations and Separations.” Publi- 
cation: Philadelphia: Avil Printing Co., 1899. 
24 p. 

Mary E. Leonard, 1857- . (Mistress of 
Science, McKendree, 1892.) Ph.D., McKendree 
College, 1893. Dissertation: Subject not known, 
nc copy at McKendree College, but doubtless in 
science field on account of her degree of 
“Mistress” equivalent to Master of Science. 

Mary Alice Nichols. Sc.D., Cornell Univer- 
sity, 1896. (Mrs. John Cox, Jr.) Dissertation: 
“The Morphology and Development and Some 
Pyrenomycetes.” Publication: Published as The 
Morphology and Development of Certain Pyreno- 
mycetous Fungi. ~Chicago: University of Chi- 
cago Press, 1896. (Reprinted from the Botanical 
Gazette, 22:301-328, and plates xiv—xvi, October 
1896.) 

Mary Chilton Noyes. Ph.D., Western Reserve 
University, 1896. Dissertation: “The Influence 
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of Heat, of Electric Currents, and of Magnetiza- 
tion upon Young’s Modulus.” 

Florence Peebles, 1874- (A.B., Woman’s 
College of Baltimore, 1895.) Ph.D., Bryn Mawr 
College, 1900. Dissertation: “Experiments in 
Regeneration and in Grafting Hydrozoa.” Pub- 
lication: In Bryn Mawr College, Biological 
Laboratory Monographs, Reprint Series, Bryn 
Mawr, Pennsylvania, vol. 1, no. 1. vi. 53 p. 
(Reprinted from the Archiv fiir Entwickelungs- 
Mechanik der Organismen, vol. X, 1900.) Note: 
Dr. Peebles was still living in August 1956, 
according to the alumni secretary of Bryn Mawr 
College. 

Marv Engle Pennington, 1872- (A.B., 
Pennsylvania, 1892.) Ph.D., University of Penn- 
sylvania, 1895. Dissertation: “Derivatives of 
Columbrium and Tantalum.” Publication: Phila- 
delphia: 1895. 37 p. 

Anna Stockton Pettit. (A.B., St. Lawrence, 
1888.) Ph.D., Columbia University, 1895. (Mrs. 
G. Lupton Broomell.) Dissertation: “Arachis 
Hypogaea.” Librarian reports “no copy in 
Columbia University library.” 

Charlotte Fitch Roberts. (A.B., Wellesley, 
1880.) Ph.D., Yale University, 1894. Disserta- 
tion: “The Development and Present Aspect of 
Stereo-Chemistry.” Publication: Boston: D. C. 
Heath & Co., 1896. 191 p. 

Adeline Frances Schively. ( Pennsylvania, 
1892.) Ph.D., University of Pennsylvania, 1897. 
Dissertation: “Contributions to the Life History 
of Amphicarpaea Monoica.” Publication: Publi- 
cations of the University of Pennsylvania, Con- 
tributions from the Botanical Laboratory, vol. 1, 
1892-97, p. 270-363, and 8 plates following 
p. 363. 

Isabelle Stone. (A.B., Wellesley, 1890.) Ph.D., 
University of Chicago, 1897. Dissertation: “On 
the Electrical Resistance of Thin Films.” Pub- 
lication: Chicago: 1897. 16 p. (Reprinted from 
the Physical Review, 6: no. 30, January 1898.) 

Bertha Stoneman. (Ph.B., Cornell, 1894.) 
Sc.D., Cornell University, 1896 Dissertation : 
“A Comparative Study of the Development of 
Some Anthracnoses.” Publication: Chicago: 
University of Chicago Press, 1898. (Reprinted 
from the Botanical Gazette, 26:69-120, August 


1898.) 


Jeannette Cora Welch, -1906. (A.B., 
Wellesley, 1889.) Ph.D., University of Chicago, 
1897. Dissertation: “On the Measurement of 


Mental Activity Through Muscular 
Publication: Chicago: University of Chicago 
Press, 1901. (Reprinted from American Journal 
of Physiology, 1:283-306, May 1, 1898.) 

Lucy Langdon Williams, 1864 Ph.D., 
University of Pennsylvania, 1897. (Mrs. William 
Powell Wilson.) 
on Conopholis Americana.” 


Activity.” 


Dissertation: “Observations 
Publication: Pub- 
lications of the University of Pennsylvania, n.s. 
No. 5. Contributions from the Botanical Labo- 
ratory, vol. 2, no. 1, 1898. pp. 3-19 and 6 plates 
following p. 199. 

Harriet Winfield. (A.B., Wellesley, 1887.) 
Ph.D., Columbia University (Barnard College), 
1899. (Mrs. John S. Gibson.) 


“The Oil of Maize.” 


Dissertation : 
































A COMPARISON OF THE EFFECTIVENESS OF COURSES AT 
THREE LEVELS OF INSTRUCTION IN DEVELOPING 
UNDERSTANDINGS OF SELECTED 
PRINCIPLES OF PHYSICS * 

Harotp E. WIsE 


University of Nebraska, Lincoln, Nebraska 


V¥ 7HEN one compares textbooks intended 

for use with classes in ninth grade 
General Science with those written for use 
in the so-called “survey” courses in science 
or in physical science at the junior college 
level, he immediately notes a striking sim- 
If he 
compares books from either of these classifi- 


ilarity of content if not of style. 


cations with high school physics textbooks, 
he finds that there has been an effort to 
develop at least a qualitative understanding 
of many of the basic principles which are 
treated both qualitatively and quantitatively 
in the average physics text. 

This apparent duplication may be due 
to a planned effort to put into practice the 
“cyclic” plan for the organization of the 
science curriculum as recommended by the 
Committee responsible for the Thirty-First 
Yearbook [1]. 


that the content of courses at the three 


It seems probable however 


levels of instruction has been determined 
largely by tradition, teacher preparation and 
preference, and by the judgment of the 
authors of textbooks. Certainly there has 
been no concerted effort either to make an 
objective evaluation of the outcomes of the 
“cyclic” plan or to determine by objective 
measurement that point in our educational 
“ladder” at which the development of an 
understanding of specific principles of sci- 
ence can best be undertaken [2]. Perhaps 
these tasks are impossible. Certainly they 
are difficult. But unnecessary duplication 
in the science curriculum is not only costly 
but also deadening to the interest and there- 
fore to the progress and development of the 


student. 


* This study was made possible by a grant of 
$500 from the University of Nebraska. The grant 
was made on recommendation by the university 
Research Council for the period 1953-55. 
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Under present conditions a high school 
pupil who has completed a course in ninth 
grade general science has a right to ex- 
pect that his understanding of basic prin- 
ciples of science will be increased definitely 
as a result of the completion of either a 
course in high school physics or of a “sur- 
vey” course in science at the junior college 
level if the school permits or encourages 
him to take either of these courses. Like- 
wise, a pupil who has completed courses 
in both ninth grade general science and 
eleventh or twelfth grade physics who is 
encouraged or required to take a “survey” 
science course at the junior college level has 
a right to expect that the college course 
will add materially to his understanding of 
basic principles. The study herein reported 
was undertaken in an effort to see if these 
“rights” of the student are being met by 
courses currently offered in high schools 
and colleges. 

In this investigation it was decided to 
use a test of the ability to apply twenty-four 
basic principles in the area of heat as a 
measure of pupil progress and develop- 
ment [3]. 
constructed and administered during the 


Three preliminary tests were 


academic year 1953-54 to trial groups of 
students enrolled in appropriate classes in 
three junior high schools, three senior high 
A total of 854 
students took part in this phase of the 


schools, and three colleges. 


investigation. 

The test used in the major investigation 
consisted of items selected from the pre- 
liminary tests by use of the technique of 
item analysis. This test and an intelligence 
test were administered in 1954-55 to stu- 
dents enrolled in general science classes in 
14 junior high schools, to those enrolled 


in physics classes in 15 senior high schools, 
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and to college freshmen and sophomores en- 
rolled in 11 colleges and universities. A 
total of 1576 students took these tests. The 
46 schools and colleges in which the tests 
were given are distributed over 23 states 
with no more than 5 cooperating schools 
and colleges in any one state. 

In the statistical analysis of results the 
mean scores made by each class of students 
were used rather than the individual scores 
of pupils [4]. Comparisons were made by 
use of the method of analysis of variance 
between groups of students who had com- 
pleted the various combinations of course 
work in science. Similar comparisons were 
made using the method of analysis of co- 
variance with the intelligence factor held 
constant. Essential details are presented in 
sections of this report which follow. 
CONSTRUCTION AND 


REFINEMENT OF TEST 


The twenty-four principles in the area 
f heat which were to serve as bases for 

the construction of the test were selected 
from among science principles appearing 
in the upper two-thirds of a list compiled 
by the investigator and published in 1941 
[5], Rank in this list may be interpreted to 
imply value in terms of usefulness in ex- 
plaining problematic situations commonly 
encountered in everyday living. 

Six multiple choice test items were con- 
structed based upon each of the twenty- 
four principles. In the construction of each 
test item an effort was made to describe, 
briefly, a situation which might be encoun- 
tered in everyday experience, the qualita- 
tive interpretation or explanation of which 
would require an understanding of the prin- 
ciple involved. One principle with two 
associated test items is cited as an example: 

Principle. Solids are liquified and liquids are 
vaporized by heat; the amount of heat used in 
this process, for a given mass and a given sub- 
Stance, is specific and equals that given off in 
the reverse process. 

Test Item #1. Ice and water are placed in an 
open container and allowed to stand for thirty 
minutes. At the end of that time, although the 
original ice has not all melted, more ice is added 
and then heat is applied to the container as the 
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contents are stirred continuously. As heat is 
applied, the temperature of the mixture will: 


1. Increase rapidly. 
2. Decrease slightly and then increase rapidly 
until all of the ice has melted. 
3. Remain constant until all of the ice has 
melted and then increase rapidly. 
4. Increase to 4° C. and then remain constant 
until all of the ice has melted 
Test Item #2. Water is placed in an open con- 
tainer and heated until it begins to boil. If heat 
is applied continuously as the water boils, the 
temperature of the water will: 
1. Continue to increase uniformly. 
2. Remain constant after boiling begins 
3. Increase much more rapidly 
begins. 
4. Decrease slightly as boiling begins and then 
increase rapidly and uniformly. 


after boiling 


Two of the six test items associated with 
each of the twenty-four principles were 
assigned to each of three preliminary tests, 
hereinafter designated as Tests A, B, 
C. Each of 


ministered to approximately one-third of 


and 
the three tests was then ad- 


the pupils enrolled in the general science 
class in each of three junior high schools; 
to approximately one-third of the pupils 
enrolled in the physics class in each of three 


senior high schools; and to approximately 


one-third of the students enrolled in a 
survey course in physical science in each of 
three colleges. As indicated in Table I, 


the total number of persons responding to 
the preliminary tests A, B, and C was 266, 
317, and 271, 


Preliminary 


respectively. 

the 
basis of one point for a correct answer and 
An estimated 
index of difficulty and an estimated index 


tests were scored on 


zero for an incorrect answer. 


of discrimination were determined for each 
test item from scores made by students at 
each level of instruction. To secure an 
indication of the correlation between each 
item score and the total test score (index 
of discrimination ), the performance on each 
item of the upper twenty-seven per cent and 
of the lower twenty-seven percent of each 
student group (instructional level) was de- 
the correlations 


The 


indices of difficulty were obtained by deter- 


termined and estimated 


were read from Flanagan’s tables | 6]. 


mining the percentage of students at each 
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TABLE I 


DISTRIBUTION OF STUDENTS RESPONDING TO PRELIMINARY ForRMS OF EXPERIMENTAL TEST 


School Grade 
A. (Junior High School ) 9 
3. (Junior High School) 9 
C. (Junior High School) 9 
D. (Senior High School) 11-12 
E. (Senior High School) 11-12 
F. (Senior High School) 11-12 
G. (College) 13-14 
H. (College) 13-14 
I. (College) 13-14 


Total 


level of instruction who answered the item 
correctly. 

Two of the six test items associated with 
each of the 24 principles were selected for 
inclusion in the final form of the test. Thus 
a total of 96 of the original items were 
discarded. Selection of items to be re- 
tained was accomplished by comparing the 
six items based upon each principle with 
regard to index of difficulty and index of 
discrimination at each level of instruction 
and also with regard to the effectiveness of 


the alternate answers or “distractors” with 
each class of students. 


Table II shows the mean and range of 


TABLE 


Number of 
Students Taking 
Preliminary Tests 





A B C Total 
7 8 8 23 
20 19 22 61 
21 20 20 61 
4 4 3 1] 
12 12 12 36 
17 17 17 51 
28 27 28 83 
11 10 9 30 
146 200 152 498 
266 317 271 854 


responding to the test of which the item 
Was a part. 


VALIDITY AND RELIABILITY OF FINAL 
EXPERIMENTAL TEST 

Fifty pupils enrolled in physics classes in 
North East High School, Lincoln, Ne- 
braska, served as a test group for securing 
data as to the validity and reliability of the 
final experimental test. Near the end of 
the academic year members of this group 
took: (1) the experimental test, (2) the 
Cooperative Physics Test, and (3) the 
Dunning Physics Test. Coefficients of 
correlation which are of significance in 


II 


MEAN AND RANGE OF INDEXES OF DIFFICULTY AND OF DISCRIMINATION FOR 
THE 48 iTEMS OF THE FINAL EXPERIMENTAL TEST 


Index of Difficulty 


Index of Discrimination 





Level of 

Instruction Mean 
General Science 
(Grade 9) 35.27 
Physics 
(Grades 11 and 12) 58.06 
College 
(Science Survey) 46.85 


the indices of difficulty and discrimination 
for the 48 items of the final experimental 
test as determined for each of the three 
Not one of these 48 
items carried a single distractor which had 


levels of instruction. 


proven to be ineffective with all students 








Range Mean Range 
.12 to .65 42 -14 to .81 
.22 to .84 .48 16 to .87 
.06 to .85 .34 10 to .59 


estimating the validity and reliability ¢ 
the experimental test are indicated in Table 
ITT. 


The relatively high coefficients of corre- 


lation with standardized physics tests (.74 
and .76) and the self correlation of .86 
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COMPARISON OIF 


TABLE III 
EsTIMATES OF THE VALIDITY AND RELIABILITY 
OF THE EXPERIMENTAL TEST 
(Based Upon Scores Made by a Group of 50 
Students in High School Physics) 
Coefficient of 
Correlation 


Test Coefficient as Predicted 
Scores of Corre- by Spearman- 
Compared lation Brown Formula 


Experimental Test 

(Total) and Cooper- 

ative Physics Test 74 
Experimental Test 

(Total) and Dunning 

Physics Test 76 
Cooperative Physics 

Test and Dunning 

Physics Test 83 


Split-halves (odd vs. 
even items) of Ex- 
perimental Test .76 86 


seem to indicate that the experimental test 
is sufficiently valid and reliable for use in 
group comparisons such as are made in this 
study. 

THE SELECTION OF PARTICIPATING SCHOOLS 
AND COLLEGES 


Early in this investigation an examina- 
tion was made of printed materials avail- 
able for use in high school general science 
and physics classes and in science survey 
This 


activity seemed -to justify the conclusion 


classes at the junior college level. 


that in physics and general science classes 
an effort is usually made to develop, at 
least a qualitative understanding, of each of 
the twenty-four principles of heat which 
were used as the basis for this study. It 
was recognized, however, that without fur- 
ther evidence this conclusion would prob- 
ably not be equally valid at the junior col- 
lege level because of the greater tendency 
for college courses to be organized inde- 
pendently rather than to follow the outline 
of a single standard textbook or commer- 
cially available syllabus. 

Mailing lists of science teachers pur- 
chased from the headquarters office of the 


National Science Teachers Association were 
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the and addresses 


of those teachers who were invited to give 


used to obtain names 


the tests in their classes. Names at each 
ot the three teaching levels were selected at 
random from within each state. 

Junior and senior high school teachers 
who were invited to participate were ad- 
vised as to the purpose of the study and 
that the test to be used sought to measure 
understanding of certain basic principles 
of heat. It was requested that the science 
test and an intelligence test be administered, 
each during one class period, to one sec- 
tion of general science or of physics (25 to 
40 students ). 


to participate was permitted to designate 


Each teacher who agreed 


specific dates on which the tests would be 
given. 

Junior college teachers who were asked 
to cooperate were informed that participa- 
tion in the administration of the tests would 
depend upon whether or not the courses 
taught provided an opportunity for the 
study and understanding of basic principles 
of heat. In order to check on this situation 
each teacher was sent a list of the twenty- 
four principles of heat and asked to esti- 
mate the extent to which an understanding 
of each principle should result from the suc- 
cessful completion of his course. He was 
also asked to list the basic textbook used 
in his course or in the absence of a basic 
text to indicate two or three of the prin- 
cipal reference sources. The eleven junior 
colleges in which tests were later given were 
selected from among those for which the 
reports indicated that the twenty-four prin 
ciples of heat were important objectives of 
instruction. 

ADMINISTRATION 


AND SCORING OF TESTS 


Tests were administered in each school 
under the supervision of the cooperating 
teacher who is presumed to have followed 
uniform suggestions provided by the ex- 
perimenter. When filling out the heading 
the test, 
each student indicated previous courses in 


of his answer sheet for science 


science, if any, which he had completed. 
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All answer sheets were hand scored and a 
summary of the scores made by his pupils 
was forwarded to each cooperating teacher 
Student 
response to the science test was scored on 


within a period of two weeks. 


the basis of the total number of items an- 


swered correctly. Answer sheets for the 


Terman McNeman Test were scored ac- 
cording to instructions supplied by the 
authors. 


STATISTICAL ANALYSIS OF RESULTS 


As has been indicated previously, the 


mean scores for each class of students 
rather than the scores made by individual 
pupils were used in the statistical analysis 
of the results of this study. Such a treat- 
ment of data seems to be appropriate when 
the major interest is in results which may 
be expected in the average school or with 
the average class [4]. 

First comparisons were made between 


general science classes, physics classes, and 
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physical science survey classes as whole 
groups without regard to previous instruc- 
tion in science. Later, classes in high 
school physics and college classes in physi- 
cal science were split into sub-groups on 
the basis of previous science courses and 
comparisons were made using the mean 
scores of sub-groups having different back- 
grounds in science. Table IV presents a 
summary of tests scores for all levels of 
instruction and in all total groups and sub- 
groups. 
Table V 


parisons by use of the methods of analysis 


presents the results of com- 


with the 
In all of the 
comparisons the null hypothesis was tested. 


of variance and of co-variance 


intelligence factor controlled. 


The F-Values obtained when the total 
groups at all three levels of instruction were 
compared, 11.60 and 4.28, indicate that, 
when the intelligence factor is not taken 
into account, the difference in the achieve- 
ment of the general science, physics, and 


TABLE IV 
SuMMARY OF TEST ScorES FOR ALL LEVELS OF INSTRUCTION 
AND FoR ALL ToraL Groups AND SuB-GROUPS 


Number 
of Groups 
or Sub-Groups 


Previous 
Science Courses 


Level of 
Instruction 


General Science 14 


(Grade 9) Not Considered 


(Total Groups) 


Mean of Group Means 
Size of Groups 
or Sub-Groups 
Median and Range 





Experi- Intelli- 
mental Test gence Test 
Median=25 

Range= (14-50) 19.54 112.55 


High School Physics 15 Median=46 

(Grades 11 and 12) Not Considered (Total Groups) Range= (11-119) 27 .33 129.50 
High School Physics 8 Median=32 

(Grades 11 and 12) None (Sub-Groups ) Range= (9-77) 27.48 129.82 
High School Physics 13 Median=23 

(Gradeslland12) General Science (Sub-Groups) Range= (10-52) 27.55 130.20 
Physical Science 

Survey-College 11 Median=32 

(Grades 13 and 14) Not Considered (Total Groups) Range= (13-78) 22.51 124.64 
Physical Science 

Survey-College 9 Median=10 

(Grades 13 and 14) None (Sub-Groups) Range= (6-27) 20.29 123.18 
Physical Science 

Survey-College General Science 10 Median=16 

(Grades 13 and 14) (Only) (Sub-Groups) Range— (8-44) 22.39 124.98 
Physical Science 30th General 

Survey-College Science and . Median=7 

(Grades 13 and 14) Physics (Sub-Groups ) Range= (4-11) 29.87 130.70 
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TABLE V 


ANALYSIS OF VARIANCE AND OF Co-VARIANCE BASED Upon Group MEANS 


Analysis of Variance 





Comparison F (Obtained) 


Gen. Sci., Physics and Col- 
lege Survey (Total 


Groups ) 11.60 
Gen. Sci. and Physics 

(Total Groups) 31.20 
Gen. Sci. and College 

Survey (Total Groups) 3.00 
Physics and College 

Survey (Total Groups) 5.50 


Physics (only) and Gen. 
Sci. (only) (Sub- 


Groups ) 41.15 
Gen. Sci. (only) and Col- 

lege Survey (only) 

(Sub-Groups ) .29 
Physics (only) and Col- 

lege Survey (only) 

(Sub-Groups ) 31.63 


Gen. Sci. (only) and 

Physics with Gen. 

Sci. (Sub-Groups ) 29.69 
Gen. Sci. (only) and Col- 

lege Survey with Gen. 

Sci. (Sub-Groups) 2.47 
Physics with Gen. Sci. 

and College Survey with 

both Physics and Gen. 

Sci. (Sub-Groups) 1.28 


physical science survey classes is so large 
that it can hardly be attributed to chance 
(significant at 1 per cent level). However, 
with intelligence controlled, the possibility 
of a real difference is less certain (signifi- 
cant at 5 per cent level). 

When total groups were compared in 
combinations of two a very significant dif- 
ference became apparent between general 
science and physics even with intelligence 
controlled (1 per cent level). Jetween 
physics and the college survey groups the 
possibility of a true difference is less certain 
(5 per cent level), but between general 
science and the college survey classes there 
seems to be little possibility of a true dif- 
ference either with or without the intelli- 
gence factor controlled. 








Values of F Required 
for Significance 


Analysis of Co-Variance 
(Intelligence Controlled) 


Values of F Required 


F (Obtained) for Significance 


=5.23 1%=5.25 
=3.24 4.28 §$%=3.26 
=7.68 1%=7.72 
=4.21 13.90 5% —4.22 
=/.85 1%=7 .94 
5%—4.28 .40 5%—4.30 
=7 82 1%=7.88 
—4.26 6.50 5%—4.28 
=8.10 1%=8.18 
=4.35 4.34 5% —4.38 
=8.02 1%=—8.10 
=4.32 2.06 5%—4.35 
%o—8 .68 1%=—8.86 
Jo=4.54 16.80 5%=—4.60 
=7 .77 1%=7 .82 
—4.24 7.61 5% —4.26 
=7 .94 1%=8.02 
5%—4.30 .94 5%=—4.32 
=8.68 1%—8.86 
=4,54 4.43 5%—4.60 


When sub-groups of high school physics 
students who had not taken general science 
were compared with general science classes 
the difference appears to be very signifi- 
cant when intelligence is not controlled 
(F=41.15) but this difference seems to be- 
come questionable (F=4.34) when intelli- 
gence is equated. A comparison between 
sub-groups of physics students who had 
taken general science with general science 
classes shows a difference which is signifi- 
cant at the 1 per cent level without the 
control of intelligence but in this case the 
difference continues to be significant at the 
5 per cent level with intelligence controlled. 
Such evidence seems to indicate: (1) that in 
general the superior performance of pupils 
enrolled in high school physics over those 
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enrolled in general science classes may be 
due largely to the higher intelligence of 
the average student who elects to take 
physics; and (2) that students enrolled in 
high school physics can possibly profit by 
having completed a course in general sci- 
ence. 

When the mean scores made by sub- 
groups of the college physical science clas- 
ses who had taken no previous science 
were compared with the mean scores of 
general science groups no significant dif- 
ferences were noted. (F Values of .29 and 
2.06, respectively). This situation remained 
unchanged when the mean scores of physical 
science groups who had had general sci- 
ence were compared with those of general 
science classes (F Values of 2.47 and .94, 
respectively). However, a similar com- 
parison of college survey and physics stu- 
dents disclosed very significant differences 
(F Values of 31.63 and 16.80, respectively). 

Finally, the mean scores made by four 
small sub-groups of college science stu- 
dents who had had both general science and 
physics were compared with the mean scores 
of 13 sub-groups of physics students all of 
whom had had general science. The re- 
sultant F Values indicate differences which 
fall short of the five per cent level of sig- 
nificance. 

These data seem to show quite con- 
clusively that there were no significant 
differences in the performance of general 
science pupils and college survey students 
even though the latter may have taken 
courses in general science at the junior 
high school level. Equally evident is the 
fact that high school physics students are 
significantly higher in performance than 
college students enrolled in survey courses 
in the physical sciences. Finally, there is 
some evidence that courses in both general 
science and in physics in high school pre- 


pare a student to perform at the same level 


of competence as does a combination of 
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general science, physics and a survey course 
at the college level. 


CONCLUSIONS 


It seems reasonable to conclude that as 
courses in science are now taught: 


1. Pupils who have completed a course in 
general science at the ninth grade level may 
usually expect that their understandings of basic 
principles of physics will be increased as a result 
of the completion of a course in high school 
physics. Such an increase in understanding may 
not, however, be expected to accompany the com- 
pletion of a physical science survey course taken 
at the junior college level. 

2. Pupils who have both general science and 
physics in high school may not expect that the 
completion of a survey course in the physical 
sciences at the junior college level will add 
materially to their understandings of the basic 
principles of physics. 

3. Courses offering a survey of the physical 
sciences at the junior college level are no more 
effective than are courses in general science 
offered in the junior high school in developing 
qualitative understandings of the basic principles 
of physics. It seems reasonable to assume that 
a similiar situation may exist with principles 
from other areas of science. It follows that in 
planning a program of general education the 
major effort to develop qualitative: understandings 
of important principles of science need not be 
postponed until the college years. 
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EXPLANATIONS BY COLLEGE STUDENTS * 


Mervin E. OAKES 
Oucens College, Flushing, New York 


HE late Otis W. Caldwell used to refer 
Lp one of the products of the printing 
press as “Sunday Supplement Science.” 
If his meaning is understood by me, he was 
characterizing the lavish use of such terms 
as “mysterious,” “marvelous,” “magical,” 
and the like, as if science were their present- 
day equivalent, and nothing more. Refuta- 
tion and clarification on this score runs like 
a thread through Bernard Cohen’s Science, 
Servant of Man [3]. 

He says (p. 51), “Science—never mind 
the definition in the dictionary—is a point 
of view that insists on a rational explana- 
tion [emphasis ours], based on experience, 
of the data of the external world; and it 
implies, as we must state again and over 
again, a way of learning truths concerning 
the universe around us by experiments and 
observations.” 

How do you account for it? Implied or 
expressed, this call faces each of us quite 
often. Explanations given for everyday 
events indicate widespread disregard of 
the generalization, “Natural phenomena 
have natural causes.” 

As Harlow [11] might phrase it, this is 
“an experience report, not a research re- 
port.” In it are examples from student 
papers which illustrate several ways of ex- 
plaining characteristics and functions of 
living things. These students have been 
in the one-semester course required for 
non-science majors at Queens College, 
called Science 2. Included herein is a-pre- 
liminary classification which may lead to 
a Taxonomy of Explanations. 

Lewin [15] provides titles for two di- 
verse methods of explanations in which, 
to follow the analogy of Taxonomy, we 
have two Kingdoms. One he characterizes 

* Paper presented at the Twenty-Ninth Annual 
Meeting of the National Association for Research 
in Science Teaching, Hotel Sherman, Chicago, 
Illinois, April 22, 1956. 


as “Aristotelian”; the other he traces to 


Galileo, naming it “Galilean.” He points 
out that Aristotelian physics is full of con- 
cepts which today are considered not only 
as specifically biological, but pre-eminently 
as valuative concepts. .. . There are simi- 
lar valuative differences between causes: 
on one side there are the good or, so to 
speak, authorized forces of a body which 
come from its tendency toward perfec- 
tion, and on the other side disturbances 
due to chance and to the opposing forces 
of other bodies. This leads to and con- 
sists of an elaborate set of dichotomies: 
earthly /heavenly ; right/wrong ; good/bad ; 
normal /pathological ; meaning /form ; body 


ends/means ; 


’ 


mind; emotion /intellect ; 
cause/effect ;— all anthropomorphic —as 
well as hot/cold; wet/dry; up/down; etc., 
etc. In this system, these paired opposites 
constituted a rigid, absolute classification. 
Thus the individual object or event of a 
class has its characteristics deduced there- 
irom. 

In modern science, quantitative data re- 
place rigid classification; the dichotomies, 
by continuous gradations; substantial con- 
Galileo 


introduced a method that permits step- 


cepts, by functional concepts 


by-step approximation to understanding. 
Thereby results a continuous progress of 
the science. 

Korzybski [14] and others [22] like- 
wise refer to General Semantics as “non- 
Aristotelian.” And Lundberg [16] (p. 59) 
points out a similar dichotomy: “. . . we 
still draw in our education a firm line 
dividing man and his affairs from the rest 
of nature.” To phenomena on one side of 
this line, we apply such words as “ma- 
“natural,” “sen 


terialistic,” “physical,” 


sory,” etc. To phenomena on the other 
side, we apply such words as “non- 
material,” “social,” “mental,” “voluntary,” 


“willful,” “spiritual,” and the whole men- 
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talistic vocabulary. This split constitutes 
the “basic problem of present culture and 
associated living.” “Scientific knowledge 
operates as a sort of mental hygiene in 
the fields where it is applied . . . explana- 
tion, i.e., relation to other events. . 

This is beginning to look like all foyer 
and no apartment ! 

Here are several examples of those state- 
ments which appear to be either Animistic, 
or Teleological. An effort will be made to 
avoid the “either-or” distinctions between 
these and related terms as types of cate- 
gories. Herein Anthropomorphism, Per- 
sonification, the Pathetic Fallacy, Moraliz- 
ing, Logical Necessity, Need, and the like, 
will be considered part of the same spec- 
trum, if we may mix metaphors, with 
Animism and Teleology. To return to the 
Taxonomy analogy, clear-cut definitions of 
characteristics may make each of these a 
Phylum! 

It is true that the quoted sentences are 
torn from context, but it is considered that 
little if any change of meaning results. 
They are from recitations, tests, film com- 
ments, book reports, and term papers. 

Animism, attributing the characteristics 
of life to the non-living, is either indicated 
or implied in such statements as: 

The lungs attempt to pump more times per 
minute. 

The plant in the dark in searching for light is 
therefore tall. 

Lack of sunlight doesn’t allow the plant to 
produce its own food. 

The body attempts to compensate for the 
oxygen deficiency by producing an excessive 
number of red blood cells. 

The blood rushes to more active parts of the 
body. 

Personification, attributing human char- 
acteristics to non-human beings, is, to be 
sure, included in the previous term (1.., 
Animism) ; it overlaps several, as indicated 
at the outset. These are examples: 

Many wiggly sperms, coming from all direc- 
tions up to the egg [shown on film]; one sperm 
sticking his head through the membrane. 

During cleavage, each cell is trying to get to 
the front row in order to get nutrition. 
Oxygen rushes to replace COs. 
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A Moralistic overtone seems implied in: 


Insects must communicate with each other. 

The film also told how Nature provides the 
heart with valves to insure the correct flow of 
blood in the body. 

The body has to make greater effort to get 
oxygen. 

The body has to adapt to this change. 

The tall plant would have to use all its re- 
sources for self-preservation. 

Oxygen must be taken in and COs must 
ex pelled. 

The heart beats faster as it has to pump the 
blood. 

The body must carry on more oxidation in or- 
der to release needed energy. 

The body must adapt itself. 

The heart must work more quickly to . purify 
the blood. 


= 


Need: Very often it seems to be the line 
of thinking that to state there is need, is to 
explain what happens: 


Constriction and dilation of the arteries in or- 
der to meet the requirements of the body. 

This necessitates faster beating of the heart to 
enable more blood to reach the activated area. 

As the bird possesses a large cerebellum so 
that it may have an acute sense of balance, and 
thereby adjust to its environment; man, by the 
same token, needs the reasoning power which was 
instilled in him, in order that he may conquer and 
better his environment. 

Pepsin and HCl break down molecules in egg 
white to aid in digestion. 

The plant only needs darkness when it is first 
taking root. 

The rate of heart-beat increases so as to meet 
the needs of this increased activity. 

The need of the body for oxygen makes the 
heart beat faster. 

Muscular activity demands more oxygen. 

Panting is designed to get more oxygen. 


3y Logical Necessity is meant that phe- 
nomena occur because there is a reason for 
them. In a way, this is a sort of “cart- 


before-the-horse” situation. For example: 


To accommodate its eating habits, Nature has 
given the anteater a toothless muzzle and long 
hooks on center claws. 

The wall of the left ventricle is about three 
times as thick as that of the right because it has 
more work to do. 

Because of the various predators and scaven- 
gers, deep-sea life has protective coloration. 

Polar bears are white for protection because 
of the snow there. 

The cactus has no real leaves because water 
would evaporate through them. 
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Reason in Reverse: 

The heart-beat is the result of the pumping 
of blood through the body. 

The blood flows due to the pulse, or change 
in size of arteries. 

Rapid breathing occurs because of the increase 
of oxygen taken into the body. 

The faster heart-beat is caused by the blood 
rapidly moving from auricles to ventricles. 

Teleology, of course, means that events 
are due to inherent purpose; usually this 
view culminates in attributing to the uni- 
verse a tendency toward perfection, at times 
referred to as “progress’—Samples are 
scattered in the above lists. Here are some 
more: 

There is slower flow of blood in capillaries so 
that diffusion can take place much more easily. 

The valves close in order to prevent the blood 
from flowing back into the auricles. 

Egg-laying dinosaurs of Mongolia grew broad 
bony collars for protection. 

Villi, with the purpose of absorption. 


SUMMARY AND RECOMMENDATIONS 


1. There is considerable evidence that 
college students use Animistic, Anthropo- 
morphic, and Teleological concepts to ac- 
count for biological phenomena. _ IIlustra- 
tive examples are quoted above. (See also, 
Cranwell [4], Dennis [6]. 

2. From his teaching experience, the 
writer has been collecting these statements 
for ten years or so, as well as his similar 
studies reported earlier [20, 21]. 

3. These quoted examples are of the 
inajor category variously called “‘prescien- 
tific,’ “Aristotelian,” etc. There is over- 
lapping and duplication among the varieties 
(cf. Phyla) above enumerated. 

4. Explanations which are matter-of- 
fact, cause-and-effect, operational, called 
“Galilean” by Lewin, are not included in 
the present report. 

5. Whether or not college students use 
similar (i.e., Aristotelian) modes of think- 
ing in the physical sciences is beyond the 
scope of the data at hand. 

6. If, as seems to be true, this mode of 
thinking (i.e., Teleological, etc.) is wide- 
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spread, perhaps its correction might very 
well be included in the objectives formu- 
lated for courses in the Biological sciences. 
(Barrows [1], Greulach [9], Meyer [18], 
Samson [24].) 

7. If the preceding suggestion is ac- 
cepted, specific attention to this aspect of 
scientific thinking might be taken into 
account as one criterion in selecting text- 
books for these courses. (Carlson [2], 
Daubenmire [5], Young [33].) 

8. Likewise, it would then be valuable 
to develop classroom procedures designed 
to remedy and replace teleological ex- 
planations. 

9. This type of learning could increase 
awareness of the inadequacies of these 
kinds of explanations which appear in 
many current publications, both books and 
periodicals. (See, Ferry [8], Rickett [23].) 

10. The present author is pursuing 
studies along several of these lines. 
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CIVIL DEFENSE ORIENTATION IN A BROADENING 
CURRICULUM 


E. M. GLEeason 
Weaver High School, Hartford, Connecticut 


ust when we think we have reached the 
J elastic limit of the present-day curricu- 
lum, along comes another need of society 
which must be assimilated by the ever- 
widening curricula of our public school 
systems. Now the need is orientation in 
the activities and exigencies of civil defense. 

Obviously such training is essential in 
these times of cobalt and strontium bombs. 
We must make the attempt, rudimentary 
though it may be, to give children and 
through them—the communities, some sem- 
blance of that sense of security that is one 





of the fundamental objectives of the public 
school system. How else can we hope to 
help children to live and to grow success- 
fully in our technologically advanced so- 
ciety? Respect for the individual in regard 
te his safety and his endeavors had to be 
taught, fought for, and established at the 
time when we were opening geographic 
frontiers. Now we are opening tech- 
nological and scientific frontiers. The 
Hebraic-Christian belief in self-realization 
and in respect for the individual are, once 
again, at stake. Civil defense training is 
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now almost as inadequate for crossing our 
scientific frontiers as were the covered 
wagons in crossing our geographic fron- 
tiers. But, just as those covered wagons 
did their job and changed into streamlined 
trains and planes, so can civil defense train- 
ing grow into a streamlined bulwark insur- 
ing the rights of the individual. 

The problem of how orientation in the 
fundamentals of civil defense may be 
implemented by teachers, administrators, 
pupils, and interested members of the com- 
munities is a knotty and relatively new one. 
However, one thing is certain. The more 
people taking active part in launching and 
continuing the civil defense educative 
processes in the schools, the more the 
public interest and cooperation will feed 
into the effort. Without that interest and 
cooperation any addition to the school cur- 
riculum is predestined to failure. 

Another aspect of involving many people 
in this vitalizing of the curriculum must 
be faced honestly. Civil defense and its 
concomitants often arouse strong emotional 
reactions in people of all walks of life. 
Many educators honestly believe any de- 
fense against atomic attack is hopeless— 
a futile gesture. Moreover, many mem- 
bers of faculties seem to take pride in say- 
ing that they know nothing about atomic 
energy, that they even avoid reading the 
rich supply or informative articles on this 
subject in magazines and newspapers. 
These same people take the stand that this 
phase of science is a mystery beyond the 
understanding of the ordinary person. 
These are the people who may look upon 
the science educators—the natural initiators 
of civil defense training programs—as 
people excessively desirous of acquiring 
prestige by attempting to set up teacher- 
training program in civil defense methods. 
For these reasons it is advisable to enlist 
the aid of the civil defense director early 
in the planning for such an enrichment of 
the curriculum. 

As an outside consultant the civil de- 


fense director can circumvent the awkward, 
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rather status-shaking situation of having 
the science teachers brief the other edu- 
cators in such concepts as the half-life 
of radioactive fall-out from bombs, the 
penetration variations of alpha, beta, and 
gamma radiation, and the radiation ab- 
sorbency of such materials as leaded 
glass, concrete, and water. As this man, 
the civil defense director, knows best the 
needs of his own particular community ; 
knows best the volunteer strength of that 
community; and the needs both general 
and particular, he is the one who should 
give to the curriculum-growth committee 
the exordium especially designed to create 
a keen awareness of the need of this study. 

Through the process of trial and error 
it has been found wise to listen to the 
C.D. director’s talks to other groups and 
organizations before scheduling his talk 
with the school group. By so doing it is 
possible to determine if this man has the 
kind of personality and knowledge re- 
quired to fire a possibly skeptical group 
with enthusiasm and to answer the ques- 
tions that are certain to come from such 
a group. If the community director be 
found lacking in either personality or 
knowledge, the area director may be asked 
te come along with the local director to 
the first meeting of the curriculum group. 
Still further insurance of a_ successful 
presentation of the activities and needs of 
civil defense could be implemented by hav- 
ing a few tactful sessions with both the 
local and area directors under the guise 
of acquainting yourself with the literature 
distributed by the national office of Civil 
Defense Administration. A friendly brief- 
ing by the school consultant on the type of 
questions the civil defense director might 
expect should give strength to the first 
presentation. Even an inept director is 
useful in introducing the program to school 
personnel just because he is an outsider 
and, on that basis alone, is better able to 
lead the teachers and administrators to an 
objective view of the matter than members 


of the school system. Motion pictures, slide 
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films, and the well-illustrated brochures of 
the Civil Defense Administration may be 
used to supplement and clarify—if neces- 
sary—the local director’s talk. 

After such a kick-off aimed at fore- 
stalling any negativistic attitudes of the 
educators by giving them the full picture 
and by appealing to their common and pro- 
fessional senses, it is best to start the orien- 
tation by stressing those problem areas that 
are familiar to certain groups. By so do- 
ing, more townspeople and educators may 
be prompted to volunteer for active part 
in the promotion. In many smaller towns 
some of the teachers and lay members of 
the group may belong to volunteer fire 
companies. The prevention and control 
oi fire is nothing new to these people. 
Nurses and teachers of physical education 
warm to civil defense ideas when knowl- 
edge of first aid is introduced. Home eco- 
nomics people and housewives are caught 
by the phrase, “emergency food supplies.” 
Indeed, every one has the very human 
tendency of wanting to be recognized as 
important, useful individuals. 

At this point in the procedure of inte- 
grating civil defense training into the public 
school curriculum it is wise to make very 
evident that which should be self-evident— 
the fact that the civil defense orientation is 
not a disruption of the established curricu- 
lum. The dissemination of information on 
ways of dressing to minimize possible radi- 
ation exposure, on ways of treating flash 
burns, on ways of cooking for large groups 
of people, on ways of building, furnishing, 
and landscaping homes to decrease bomb 
damage—all of these facets of civil defense 
training do blend into the existing spectrum 
of such subject matter as health, home- 
making, shop, and many of the sciences. 
Attack drills and radiac team safaris with 
Geiger or scintillation counters for detect- 
ing and measuring the radioactivity in dif- 
ferent areas of the school neighborhood 
would be the only really new teaching- 
learning experiences introduced by the 


C.D. program. When this fact is made 
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clear to the administrators, teachers, and 
interested laity of the communities, much 
of the opposition that might have been 
offered to this broadening of the school 
curriculum dies unborn. 

There is small probability of any diffi- 
culty in arousing enthusiasm or interest in 
the pupils as the schools that already have 
even part of such a program in effect testify 
that their students welcome the C.D. activi- 
ties as excitingly real experiences in which 
they, the students, are as effectual as adults. 
Actually, from the point of view of faith- 
fulness in attendance at C.D. meetings and 
tests, many of the young people surpass 
their elders. Certainly the work of the 
youngsters in the fields of short-wave radio 
communication and the Ground Observer 
Corps is praiseworthy. 

At the same time that the initiators of 
the civil defense curriculum enrichment 
have been preparing the way for its favor- 
able reception with educators and students, 
in much the same way must the way he 


3e- 


laid with the laity of the communities. | 
fore the student-participation part of the 
program actually begins, it is advisable to 
acquaint the peoples of the communities 
with the plan by reports in newspapers or 
by such means as round-table or panel 
discussions over local radio and television 
stations. Student and faculty members 
might well speak on the plan at meetings 
of the Rotary and Kiwanis clubs. In this 
way the methods and objectives of the 
civil defense program may be brought to 
the attention and understanding of that 
nucleus of the citizenry that is most civic- 
minded and most able to make a favorable 
impression upon the other peoples of the 
communities. Members of the League of 
Women Voters, American Association of 
University Women, and Citizens’ Associa- 
tion for Education might be invited to 
attend planning meetings with educators, 
key pupils, and civil defense resource 
people. In this way many women of the 
communities would be prepared to cope 
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with the questions and problems that the 
younger children might bring into the 
home. 

All of these practices should prepare the 
parents and other taxpayers for the request 
for the relatively small appropriations 
needed for acquiring such materials as 
extra first-aid kits, Geiger or scintillation 
counters, dosimeters, portable radios, and 
the inexpensive brochures prepared by the 
Federal Civil Defense Administration. It 
is very important that at least one of these 
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brochures be either given or sold to each 
student to ensure the dissemination of cor 
rect information from the classroom to the 
home. Thereby parents. and neighbors 
may benefit by the learning experiences 
their children would be having in the 
schools If such methods as the afore 
mentioned are used, the incorporation of 
a civil defense program into the school 
system would succeed in projecting vital 
information into all areas of pupil-living, 


the school, community, and home. 


CAN HUMAN RELATIONS PROBLEMS BE SOLVED 
SCIENTIFICALLY? 


FRANK E. Wo LF 
State Teachers College, Fitchburg, Massachusetts 


HE scientific method, which is also 

known as problem solving and critical 
or reflective thinking, is readily accepted 
by the layman as a reasonable way in which 
to approach solving scientific problems. On 
the other hand, the formula for handling 
human relations problems meets with con- 
siderable resistance as a means of solving 
human relations problems. 

Resistance to the human relations for- 
mula has been met by scholars, co-workers 
in schools, parents, and acquaintances in 
the community. Many of these people are 
quite firm in their belief that human rela- 
tions problems cannot be solved by follow- 
ing a formula. 

In order to examine the merits of the 
formula-guide by which human relations 
analyses are made, the writer will first 
present case episodes which give pragmatic 
evidence as to the efficacy of human rela- 
tions analyses. Following is a discussion 
of the human relations formula and a com- 
parison of it to the so-called scientific 
method. 

Case records of conflict episodes, the 
solutions of which were approached with 
the aid of the human relations formula, 
tend to substantiate this writer’s belief that 
human relations problems can be solved 





scientifically. Records, from the files of 
The Center for Human Relations Studies, 
New York University, show that cases 
were often brought to a successful con 
ciusion. However, even when a solution 
was not immediately apparent, as is fre 
quently the case with other research prob 
lems, the analysis helped in the solution 
of other problems. 

There is a considerable range of prob 
lems to which the human relations formula 
has been addressed. For example, a riot, 
which occurred at a Paul Robeson concert 
in Peekskill, New York, in 1949, was 
analyzed to determine why a human rela- 
tions conflict developed and to determine 
principles, which applied, might prevent 
reoccurrences. It was found that education 
was needed to prepare a hostile community 
for a controversial function. This analysis 
did not prevent the episode because it was 
undertaken after the fact. However, the 
application of principles identified in opera 
tion might well be applied to prevent 
future episodes in other areas. 

When state aid was withdrawn from the 
Child Care Center, in another human rela 
tions episode, the local Community Chest 
withdrew its support. A human relations 


analysis resulted in the Board of Directors 
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of the Child Care Center, with the aid of 
the community, taking over the operation 
of the center for one year. As a result 
of the analysis, the Community Chest was 
brought to see the value of the center; 
furthermore, at the end of the year, the 
Community Chest not only resumed its 
support, but took over operation of the 
center to insure its continued existence. 

A human relations analysis of a series 
of high school race fights led to a reduc- 
tion of both the causative tensions and 
subsequent fight reactions in the following 
years. In another New York City school, 
an outbreak of race fights was avoided, 
with the cooperation of the police and news- 
paper reporters, by an on-the-spot human 
relations analysis. Called to the scene, a 
member of the Mayor’s Committee on 
Unity saw that a children’s fight, although 
divided on racial lines, did not have racial 
bases. The papers were asked to avoid 
labeling the fight race war and the police 
were asked to avoid the use of force. The 
conflict ended abruptly because it was not 
fanned by the use of force and labels. In 
other words, a race war did not exist and 
was not created. 

Another human relations analysis, based 
on the human relations formula, resulted 
in the successful handling of a difficult 
problem. Hospital social workers success- 
fully handled the problem created by par- 
ents who placed their child on a hot stove 
for punishment. 

A human relations conflict between the 
Department of Justice, Bureau of Immigra- 
tion and Naturalization, and the Counter- 
Intelligence Corps of the United States 
Army and other agencies was successfully 
resolved as a result of a human relations 
analysis. Discrimination against giving 
visas to minority groups gave way to an 
equitable system whereby all eligibles re- 
ceived visas. 

A serious citizen’s strike was success- 
fully terminated as the result of a human 
relations analysis. No force was brought 


to bear; consequently, force was not used 
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by either side in resolving the conflict. 
This episode related to an intercultural 
school development in the mid-West. 

The episodes mentioned are offered as 
evidence that the human relations formula 
can be used to solve problems. Following 
is a comparison of the scientific method 
to the human relations formula. 

An examination of the scientific method 
reveals that it consists of seven major 
steps: one, to identify and state the prob- 
lem; two, to collect as much pertinent 
data as possible; three, to form hypotheses 
or scientific guesses, based on the data, 
which may provide one or more possible 
solutions; four, to perform controlled ex- 
periments to test the validity of each hy- 
pothesis; five, to draw conclusions based 
on the results of the experiments; six, to 
apply the knowledge gained to the solu- 
tion of the problem; seven, to evaluate 
the suitability of the solution as new evi- 
dence becomes available. These seven steps 
are presented in brief form, since the com- 
plete analysis covering the one hundred 
odd sub-steps would be inappropriate for 
our purpose here. 

The formula! for solving human rela- 
tions problems (which are conflicts which 
inhibit, or are destructive to, human 
growth and development) may be briefly 
stated as follows: one, to state the title or 
to give, in capsule form, a statement of 
the problem; two, to give the history of 
the conflict or to state what was done prior 
to the crisis; three, to diagnose the causes; 
four, to treat the conflicts ; five, to state the 
results, both positive and negative; six, to 
identify the principles which helped solve 
or which blocked the solution of the prob- 
lem ; seven, to hold in abeyance unanswered 
and partially answered questions. 

To present the two formulas in a form 
which renders them readily comparable, 
the following parallel outline is offered. 

1 The human relations formula was devised by 
Dr. H. H. Giles, Director, Center for Human 
Relations Studies, School of Education, New 
York University; it is presented in modified form 
by the writer. 
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Scientific Method 
1. To identify the problem 
?. To collect data 
3. To form hypotheses 
4. To perform experiments, testing the hypotheses 
5. To draw conclusions 
To apply the knowledge gained to the solution 
of the problem 
7.To evaluate the solution in light of new evi- 
dence 


Human Relations Formula 


1. To state the title or problem 

2.To give the history of the conflict; to collect 
the facts 

. To diagnose the causes 

. To treat the conflict 

To state the results 

.To identify the principles for application to the 
solution of problems 

7.To hold unanswered and partially answered 
questions in abeyance for possible answers from 
new data 


wn & w 
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An examination of the comparison be- 
tween the scientific method and the human 
relations formula should lead the reader 
to the conclusion that the human rela- 
tions formula is valid, at least theoreti- 
cally. The case records presented sub- 
stantiate the assertion that the formula can 
be used to solve human relations problems 
scientifically. 

With the increasing awareness of ten- 
sions and problems existing and develop- 
ing, locally, nationally, and internationally, 
as well as our greater knowledge of inter- 
personal relationships, it would seem vital 
that we make use of this proved human 
relations formula in our attempts to ease 


tensions. 


THE CASE OF THE UNAPPRECIATED SCIENCE BOOK * 


MARGUERITE 
Prospect Hill School, 


IKE thousands of book-lovers through- 
L out the world, I have spent many long 
and happy hours culling through piles of 
“bargain books.” One of the most reward- 
ing searches of my life was conducted in a 
department store in St. Cloud, Minnesota, 
seven years ago. There lay three copies 
of The Tale of the White-Faced Hornet— 
nuggets of pure gold amongst pop-ups and 
other inferior traps for the unwary pur- 
chaser. With mixed emotions of elation 
and melancholy I purchased all three. Yes, 
I was lucky: the book was superb—a truly 
outstanding contribution to children’s litera- 
ture. But how could such a thing happen? 
Why was this fine book on a table of pub- 
lishers’ close-outs? What was wrong with 
the taste of the American public? 

Today, fourteen years after its publica- 
tion, The Tale of the White-Faced Hornet 

*The specimen under the microscope today is 
The Tale of the White-Faced Hornet, written and 
illustrated by Henry B. Kane. (A Borzoi Book, 
Alfred A. Knopf, New York, 1943.) 


P. ARCHER 


Pelham, New York 


is no longer listed in the Children’s Catalog. 
In the 1951 catalog the book is the only 
one listed as a pictorial work under the 


1 and it is also the 


heading of “Insects,” 
only book on a particular insect listed under 
the same heading.» Under the Dewey 
classification number in the catalog it shares 
honors with a volume on the praying mantis 
and one on the grasshopper (locust).* In 
The Saturday Review of May 13, 1944, the 
book received the following notice: “This 
story is so well told that the life cycle of 
an insect becomes an exciting adventure. 
The fine photographs and little pen draw- 
ings that illustrate it give it the value of a 


picture book.” * And a reporter introduced 


1 Children’s Catalog, Eighth Edition (revised), 
1951, compiled by Ruth Giles and Dorothy E 
Cook, The H. W. Wilson Co., N. Y., 1951, p. 336. 

2In loc. cit. 

Ibid., p. 746. 

‘ , “The Hornet's Story,” The Saturday 
Review of Literature, Vol. XXVII, No. 20 (May 
13, 1944), p. 36 
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a typical summary of the “plot” in The 
New York Times of June 25, 1944, with 
this high praise, “Once again Henry Kane, 
in photographs that are rare and lovely and 
in a simple, beautiful prose, gives us a 
glimpse of a world close to our own but 
with the mysterious quality of a fairy tale.” 
In 1957 The Tale of the White-Faced 
Hornet is out of print. 

One might simply conclude that there 
“ain’t no justice,” but it might be more 
constructive to examine this instance of a 
worthwhile book’s undeserved unpopularity 
with the public. 

Is the book a really fine book? Yes, by 
all the criteria known to me, it is. 

Kane began his series of Wild World 
Tales (of which this is the fifth) because 
“he realized the great lack of ‘factual stories 
of our native wild life told in a manner 
calculated to entertain while they in- 
struct.’’*® The book is both informational 
and accurate. It does entertain the reader 
interested in hornets because the author 
writes so well. His prose is polished; yet 
it gives the impression of simplicity. He 
never stoops to a controlled vocabulary as 
he describes the life cycle of the hornet with 
dramatic feeling and vivid imagery. 

The author involves the reader by setting 
up a problem situation: “The newly 
emerged insect was hungry, and she in- 
quisitively tasted everything in sight, but 
the paper which she found everywhere was 
not at all to her liking.” ® Eventually, as 
the reader anticipates, the new queen must 
get her own food: “Off she went on the 
hunt, and although it was her first experi- 
ence she did it just as skillfully as the older 
hunters. Low over the grass and moss she 
skimmed, back and forth, back and forth, 
searching for flies or caterpillars or other 
soft-bodied insects. Once she pounced 
upon a black object half hidden by a blade 

5 Henry B. Kane, The Tale of the White-Faced 
Hornet (Alfred A. Knopf, N. Y., 1953), inside 
rear flap of book jacket 
6 Jbid., p. 25 (unnumbered). 
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of grass, but it turned out to be a shiny 
pebble. Disappointed, she took to the air 
again.” * By this time the reader is very 
much concerned, but then a fine prospect 
appears: “Sitting in the sun, rubbing his 
bristly legs together in a_ self-satisfied 
manner, was a big, bulbous-eyed robber fly, 
He had waylaid a harmless honey bee, 
hurrying home to the hive. Her lifeless 
body now lay in the grass below, while the 


8 Does 


killer basked in the noonday sun.” 
this bloating villian get his desserts? In- 
deed he does !—*Suddenly, around the edge 
of an overhanging leaf, the hunting hornet 
appeared. Without a moment’s hesitation 
she dropped like an arrow on the surprised 
fly. Her six strong legs seized his furry 
body, and her sharp jaws bit deep into his 
striped brown back. The struggle was over 
almost before it began. The honey bee had 
been avenged.” ® And the reader feels very 
happy. 

As the story unfolds, the seasons are in- 
exorably changing and the insects begin to 
die. The reader knows that the queen, too, 
must die. “The queen, her wings battered 
and torn, her once shining body dull and 
lusterless, crawled slowly through the open 
door. It was the last time she was to cross 
that threshold. Her weakened legs were 
unable to pull her up its paper side, and one 
foot after another lost its grip. The big 
queen fell heavily into the grass below.” 
The death scene is finely written, and the 
reader feels desolate. 

What is left of life? Winter is upon the 
land, and even the air is still. But hope 
remains, for the young queens born that 
summer are hibernating until winter is over: 
“On a dozen trees would hang gray paper 
nests of the children of the white-faced 
queen. As the buzzing of their wings 
carried through the soft spring air, it would 
seem to repeat over and over again, ‘The 

7 [bid., p. 29 (unnumbered). 

8 Jbid., p. 31 (unnumbered). 

9 In loc. cit. 

10 [bid., p. 35 (unnumbered). 
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Queen is dead. Long live the Queen!’ ” ™ 
And so again the great drama of nature will 
once more be enacted. 

Through reading this book the reader 
has had a basic emotional experience. He 
may have learned a great deal, but he has 
felt even more. What he has experienced 
has gone beyond the confines of the life of 
one insect, for The Tale of the White-Faced 
Hornet represents the life cycle of all 
creatures, even of man, the reader himself. 

Is the book well illustrated? Yes, because 
Henry Kane is as fine a photographer as he 
isa writer. For just photography alone the 
book would be outstanding. The photo- 
graphic closeups are uncontrived because 
they tell the same great story as the text. 
They are supplemented by delicate pen and 
ink drawings, which show the hornet in 
proportions more familiar to the reader. Is 
Yes, there is no 
crowding, the print is well-chosen and read- 
able, and no corners seem to have been cut 
to keep down costs of publishing. 

If the book is so good then why didn’t 


the book well made? 


it sell well? There are several answers to 
this question. 

One is that the book’s appeal is far 
broader than the appeal of the title or 
subject, but many potential readers might 
merely glance at the title and never open 
the book. 

Another answer concerns the age levels 
for which the text and the format are appro- 
priate. The Tale of the W hite-Faced 
Hornet is a picture book. This circum- 
stance ordinarily connotes that the book is 
intended for younger readers. In the fore- 
seeable future the new trend toward picture 
books for adults may have a wholesome 
effect on this attitude regarding books for 
children like The Tale of the White-Faced 
Hornet. The vocabulary level and the sen- 
tence structure of the book are too difficult 
for a poor reader or even a mediocre one. 
It takes a good reader to appreciate the 
book. 


Still another answer concerns the illus- 


11 [bid., p. 41 (unnumbered). 
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trations. As the publishers state, “The 
photographic illustrations are of a _ type 
seldom seen in children’s books, while his 
many pen-and-ink sketches add to the in- 
terest.” '* Since 1943 there has been a 
tremendous increase in interest in photog- 
raphy. Life, Look, and other popular 
magazines have had a large share in educat- 
ing the American public so that today photo- 
graphic illustrations would not seem pecu- 
liar. But in 1943 they were odd. For many 
years fine photographs had illustrated some 
adult books on travel or nature. These had 
seldom been closeups, and they had rarely 
been combined with another art form in one 
book. Certainly they had only infrequently 
appeared in children’s books and seldom do 
so even today. Perhaps the fine nature 
photography currently coming into vogue 
in such movies as “The Silent World” and 
Disney’s “The Living Desert” will help to 
accustom the public to the idea of photog- 
raphy as a medium for book illustration. 
As far as illustrations are concerned The 
Tale of the White-Faced Hornet was pub- 
lished before the public was prepared for it. 

Furthermore, the public was not then 
receptive to the content of the book. About 
four years ago Life had a special feature on 
the life cycle of the bee. This feature was 
clipped by teachers all over the country 
and used in countless elementary class- 
rooms, sometimes in conjunction with a 
dramatic but realistic film on the same 
subject. Parents and teachers have become 
aware of the fact that children are fascinated 
by actual workings of nature—not merely 
by romanticized versions of the workings 
of nature but by “the real McCoy.” There 
has been a tremendous increase in the pro- 
duction of truly scientific books for children. 
“First Books” and “All About” books are 
seen in libraries, classrooms, and homes 
throughout the nation. Americans have 
“discovered” nature. 

Adults have also discovered that children 
are not normally inhibited about their in- 


terest in nature. Unlike too many adult 





12 Jbid., inside rear flap of book jacket. 
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females, most children are not squeamish 
about snakes, mice, spiders, and - hornets. 
The 


needs to be a finicky Victorian to be socially 


American schoolma’rm no_ longer 
acceptable. Children have no respect for 
attitude. Although they don’t 
expect teacher to know from personal ex- 


such an 


perience that ants are lemon-flavored, chil- 
dren do expect teachers to show genuine 
interest and enthusiasm about practically all 
of God’s creatures. 

Unfortunately, although the study of in- 
sects is popular in second grade and—to a 
lesser extent—in fourth grade, there is a 
long gap in the school curriculum before the 
insect world is likely to come into focus 
again. Sometimes the child’s interest in 
insects is never officially recognized again 
until he is in ninth or tenth grade or perhaps 
in college. Does a child’s interest in insects 
cease to exist when he goes into fifth grade? 
Or is it permitted to lie dormant or perhaps 
to fade into the dim recesses of his child- 
hood because so many other things are con- 
sidered more important by adults charged 
with the solemn duty of guiding his develop- 
ment through providing him with a fine 


variety of worthwhile experiences? These 


OOH! 
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questions arouse reflections on the true im- 
portance of insects to the life of man. There 
are over 10,000 known varieties of insects 
in New York state alone. 
dying all over the country today because 


There are trees 


of inadequate dissemination of knowledge 
about insects. Insects—both harmful and 
helpful—have a tremendous influence on 
welfare. There more 
demand for books like The Tale of the 
White-Faced Hornet if the schools placed 
greater emphasis on the importance of in- 


man’s would be 


sects to man. 

Informational books are in great vogue 
today, but there should be room for more 
fine books like Kane’s. 
a thread of story as an excuse for factual 


He does not use 
presentation. His work depicts the great 
drama of nature. In his beautiful prose, 
literature is blended with life itself. Per- 
haps instead of allowing a book like The 
Tale of the White-Faced Hornet to go out 
of print, the American public should de- 
mand more top-flight “factual stories of our 
native wild life told in a manner calculated 


to entertain while they instruct.” 


13 [bid., inside rear flap of book jacket. 


WORMS! 


Doris H. HAwseE 


Flora Macdonald College, Red Springs, North Carolina 


vERyBopY told Betty Lou the most grue- 
E some thing in her freshman year was 
cutting up worms in zoology laboratory. 

So on the first day of laboratory she 
bit to the 
arising over the drum of frogs. Not worms 


added her shrieks and gasps 
in this case but frogs, for in the introduc- 
tory anatomy studies it’s the worms that 
get the publicity. 

The only thing to do about the prelimi- 
nary yelps is to ignore them. For they 
soon die down as Betty Lou’s attention 1s 
drawn willy-nilly to the laboratory work 


itself. Two general approaches lead into 


What are 
Which do 


it, the formal or the informal. 
the pros and cons of each? 
you use? 

The formal method is employed almost 
of necessity in the high school, but many 
professors carry it over into college. It 
usually consists in an introductory lecture 
or talk in 
general remarks about the work for the 


which the instructor makes 
day, ties it in with the lecture material, 
stresses what to look for, adds any neces- 
sary precautions, gives directions. “You 
will recall what we said about the excre- 


tory system in lecture. What does the 
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system include? ... Yes. Now the kidneys 
will be easy enough to find, but the ureters 
are very small in the frog. Look for them 
in a position something like this.” (Draw- 
ing on board.) 

Then the students do the part of the 
work assigned, with as much supervision 
as the instructor desires; this laboratory 
approach usually includes a good deal. At 
this time observation and drawing by the 
student may be checked and errors pre- 
After a while a halt; then the 
fast student waits for the slow one to catch 


vented. 


up on the allotted portion of work. Ques- 
tions about the system in hand may fill up 
the vacuum. After this unrefreshing pause 
the professor proceeds to the next install- 
ment. He repeats the directions, pro- 
hibitions, and information, and everyone 
falls to again. Such a process may be 
repeated as long as the period or the work 
lasts. Little original student contribution, 
obviously. 

Frequently accompanying this type of 
laboratory is the laboratory test. In zool- 
ogy it may possibly be a dissected frog, 
with numbers attached by strings to its 
parts, which the student must identify. 
Or it could be slides of various Protozoa 
set up on microscopes and numbered, or 
types of tissues. It might be an objective 
test, or a couple of discussion questions. 
Of course the length and frequency of the 
laboratory test depend on the time and 
the wishes of the individual. Its advan- 
tages are to make the students pay close 
attention in laboratory; its disadvantages 
are loss of time for dissection and observa- 
tion, and student resentment. “We have 
enough tests in lecture!” 

Opposed to this type of laboratory pro- 
gram is the informal type, exemplified by 
a wise department head I worked with in 
Florida : 

I (first day): Do you stay with your students 
every minute of the period? 

He: No, I drink cokes on the front porch! 


This man certainly did not stay out for 
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long periods or neglect his laboratories in 
any way; in fact he was an expert in edu- 
cational psychology, especially in methods. 
I described his method only to illustrate 
the informal type versus the eagle-eye-on- 
you variety whose students are afraid to 
move or speak. 

It seems to me that the laboratory period 
is essentially an informal situation. Ideally 
it forms an agreeable contrast to the lec- 
tures that make up the main part of the 
students’ day. We adults often feel that 
we have a copyright on fatigue and nervous 
strain, but I repeatedly hear my women 
students say, “I’m just so tired!” Anda 
full academic program plus social obliga- 
tions in a small college is tiring. Let us 
relieve it where we can in laboratory. 

The informal laboratory proceeds thus. 
The professor selects in the first place a 
clear and detailed laboratory manual, from 
which he daily doles out the portion suit- 
able for the usual two-hour period. Writ 
ten on the board, these page and section 
numbers, with occasional brief comments 
or directions, written or oral, prove suf- 
ficient. Naturally, general standards for 
the drawing setups, printing, etc., have 
been dictated, explained, written down, at 
the beginning of the course; these do not 
need daily repetition. They will be cor- 
rected and penalized on every drawing 
until remembered. For example, labels on 
the right, lined up. No erasures, unless 
invisible! Clear diagrammatic lines in draw- 
ing; no sketchiness, artistic as it may be. 

Since the page references are put on the 
board early in the day, many students drop 
in ahead of time and get started. (Our 
freshman laboratories usually come after 
lunch.) Such zeal is not disinterested; 
they want to get out early! The informal 
laboratory student may leave when he is 
finished, so that the slow do not hold 
back the rapid workers. Proponents of 
this method believe that interpreting the 
printed page, observing, and recording 
what is seen are worthy of full laboratory 


time, and so few interruptions and no tests. 
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However, a modicum of supervision re- 
veals some errors when committed; others 
are picked up when the drawings are 
graded . . . and they are graded frequently. 
In general the informal professor shies 
away from the _ breathing-down-the-neck 
technique. The student who needs help 
raises his hand freely. 

Normal conversation is allowed in this 
kind of laboratory, but there is surpris- 
ingly little of it in the average class. The 
students are too busy. In the dead middle 
of the afternoon members of the class may 
go out after refreshments, but again very 
few do. Neither do they work frantically 
tu get out early. They realize that the 
assignment on hand comfortably fills the 
double period, and it is their responsibility 
to get it done and done acceptably. “Pil- 
ing-up” is a real danger in a course of this 
kind. 

Now what are the relative advantages 
of the two systems? 

The formal one is good for presenting 
accurate information at the beginning of 
each laboratory, so it will be fresh in the 
mind. The informal method relies on the 
laboratory manual plus recall from the lec- 
ture, which is always ahead of laboratory. 
Some students bring notes or texts along, 
and get an extra review without knowing 
it. If the professor tells everybody to look 
for a greenish sac in a specific location 
under the liver, everyone sees it. But in 
the informal laboratory, students must hunt 
it up themselves by their own knowledge 
or get some more fast. So they do a little 
mental work in the process. 

The big disadvantage of the formal labo- 
ratory then is that it kills initiative in the 
good student and does nothing to develop 
it in the average one. On the contrary, 
the informal system of attack does encour- 
age this useful quality. Soon nearly all 
find that they just have to get in there 
and dig around to find things. 

It is interesting to see, as time passes, 
that some of the loudest squealers now 
realize that the best way to find parts in 
the frog or any other animal is to push it 
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around with the fingers, so much more 
delicate than any probe. Sometimes I 
think that the first-day screams are just a 
conventional tribute to femininity or some- 
thing, with no real emotion behind them. 
But part of the informal laboratory tech- 
nique is never to say anything about timid- 
ity, never to rush the student. After spend- 
ing a lot of time and effort, then, to locate 
on the animal exactly what the manual or 
the text say they should see, students feel 
a sense of satisfaction when they find it by 
themselves just where it is supposed to be. 
They have also exercised their initiative 

Closely allied to it is the feeling of re- 
sponsibility. Whereas the other method 
allows the student to sit back and be told, 
this one puts doing the work up to him. 
Of course I am not such an idealist, after 
fifteen years, as to imagine that some 
people don’t slide out from under by look- 
sut I make 
plain to the class that the more they find 
out for themselves the better they will 
understand the lecture material and the 


‘ 


ing at another person’s work. 


more they will “get out of” the course. 
Actually many of them tell me with sur- 
prise that they understand a system or a 
principle better after they see it... and 
to them that is not a truism but a dis- 
covery. They regularly ask me not to give 
them a test in lecture until they have seen 
that system in laboratory. So the spongers 
sponge at their own cost. 

In the formal laboratory much boredom 
and impatience build up while the fast- 
moving student waits for the deliberate 
one. I remember fretting in some labora- 
tories like a caged tiger cub because | 
couldn’t go on. As I mentioned before, 
much resentment also attends laboratory 
tests. The students should have enough 
quizzes in lecture to cover the material of 
the course, and laboratory is just a visual 
repetition of the lecture. Students feel that 
they can be trusted to do their laboratory 
work without being checked ; anyway they 
have to, to get a laboratory grade! So the 
test needlessly takes up much of the brief 
laboratory time. 
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Conversely to this type of laboratory, 
the informal therefore has the strong point 
of faith in the students. Adult treatment 
strengthens their self-respect. Most of 
them are unaccustomed to college the year 
they take this course, and they appreciate 
and mature in their new freedom. Few of 
them ever abuse it. Soon they begin to 
look down on “high school stuff” and to 
feel that they should be trusted. So the 
psychological effects on the student are an 
important result of this method. 

Moreover I find a very agreeable rela- 
tionship growing up as a by-product of 
the informal laboratory. The professor 
here is not a policeman patrolling a beat, 
but an unobtrusive neighbor, here and 
there, ready to help but chary of criticism, 
with a smile or a friendly word to give or 
take. I have never known laboratory work 
to suffer, and human relations profit. 

Special disadvantages? They are few 
and obvious, already hinted at. Some stu- 
dents will take advantages of the dissec- 
tions or even of the drawings of others. 
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But what teacher cannot instantly detect 
the conspicuous similarity in spelling, 
wrong appearance of a part, some trick of 
drawing? Now and then too, someone 
decides to get out early by doing a sloppy 
job, but who wants to have his laboratory 
grade cut down? At any rate the choice 

his. It is the same law of action and 
reward-punishment that adults discover in 
every real life situation. The lesson may 
be rather salutary. 

I do not need to summarize all these 
points to reveal to the reader that I be- 
lieve in the informal type of laboratory, as 
a result of years of experiment and adapta- 
tion. Its advantages far outnumber its bad 
points, which are largely self-corrective. 
These strong points divide themselves into 
two general categories: the re-emphasis of 
the lecture by reading directions, review, 
dissection, and observation; and the psy- 
chological benefits to the student in devel- 
oping initiative and independence and 
responsibility, to say nothing of a pleasant 
teacher-student relationship. 
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222 pages $3.00 





The Do-it-Yourself Laboratory 


UNESCO SOURCE BOOK FOR SCIENCE TEACHING 
Now Widely Adopted For Use in the Classroom: 


Written by Dr. E. S. Obourn, now Scien¢e Specialist in the U. S. Office of Education, 
on the basis of the experience of UNESCO experts in science teaching in under-devel- 
oped countries. It gives details for the construction and use of adequate simple 
equipment for general science teaching, made from materials everywhere at hand. 


“The most wholesome effect the book will have is to demonstrate that a piece of equip- 
ment does not have to be chrome-plated to be useful.” 


It is a stimulus to the creative ingenuity of teachers and students alike. 


20 copies or more for classroom use, $2.70 each. 


Order from 

UNESCO PUBLICATIONS CENTER, U.S.A. 
801 Third Avenue, New York 22, N. Y. 

U. S. Distributor for all UNESCO publications 


writes Dr. Graham DuShane, 
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Radiation Safety and Major Activities in the 
Atomic Energy Programs. Washington, D. C.: 
Superintendent of Documents, United States 
Government Printing Office, 1957. 396 P. $1.25. 
This report of the United States Atomic Energy 

Commission covers the period July-December, 

1956. 

Part One covers the major activities in the 
atomic energy programs and Part Two discusses 
radiation safety in atomic energy activities. 

Much information useful to science teachers, 
other teachers, and laymen is contained in this 
government publication. 


Unitep States Atomic ENERGY COMMISSION. 
Major Activities in the Atomic Energy Pro- 
grams. Washington, D. C.: Superintendent of 
Documents, U. S. Government Printing Office, 
1956. 260 P. $1.25. 

The many and varied activities of the Atomic 
Energy Commission during the first half of 1956 
are here documented. This is a fine summary 
for the layman and for science teachers, especially 
at the junior high-secondary level. 


,AsiLus, Haroip A. (Editor). What Are Busi- 
ness and Industry Looking for im College 
Graduates; Summary of the Report of the 
Detroit Employer Opinion Survey. Detroit, 
Michigan: Board of Education, Wayne Uni- 
versity, 1956. 51 P. 15 P. 

Thirty-eight firms in the Detroit area were 
represented in the interviews: 8 large, 17 medium, 
and 13 small. Nine firms were engaged in auto- 
mobile or automotive parts manufacturing, 14 in 
manufacturing other than automotive, 3 in retail 
merchandising, 3 in public utilities, and 9 in the 
miscellaneous category. A total of 123 employers 
and 88 junior executives were interviewed. Inter- 
viewers were from the faculty of Wayne Uni- 
versity. 

These publications summarize the findings on: 
(1) Respondent’s Evaluation of Their Own Edu- 
cation; (2) Reasons for Choosing the College 
They Attended; (3) Expectations and Promotion 
Criteria of Detroit Employers Regarding College 
Graduate Employees; (4) Opinions of the Con- 
temporary College; (5) Conceptions of General 
Education and the Chief Sources of Their Own 
General Education. 


Occ, EvizAsetu. Footing the Hospital Bill. New 
York (22 East 38th Street): Public Affairs 
Pamphlets. 1955. 28 P. $0.25. 


Footing the Hospital Bill points out the need 
for thoroughly revaluating hospital services and 
the methods of paying for same. Payment of 
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hospital costs concerns many persons every year 
and often results in tragic hardships—even to 
those employed. This pamphlet discusses many 
angles of the problem including the hospital 
problems of the aged, the unemployed, the dis- 
abled, those with extremely low incomes, and 
those dependent on public assistance. Prepaid 
hospital insurance may be a partial solution. 


ABBoTt, MARQUERITE. Cerebral Palsy: Its Scope 
and Management. New York (22 East 38th 
Street) : Public Affairs Pamphlets, 1956. 28 P. 
$0.25. 

The author discusses the nature of cerebral 
palsy, some basic causes of cerebral palsy, basic 
classifications, treatment, what is being done, and 
job placement of cerebral palsy patients. 


CUNNINGHAM, Jr., Ropert M. Meeting the Costs 
of Medical Care. New York (22 East 38th 
Street) : Public Affairs Pamphlets, 1956. 28 P. 
$0.25. 

Meeting medical costs are a real problem to 
many American families and individuals. No 
completely satisfactory plan has been worked out. 
Many health insurance agencies meet the need 
only in part-especially in case of extended and 
unusually costly medical treatment. About 100,- 
000,000 Americans are enrolled in some form of 
hospital or medical insurance plans. This pam- 
phlet devotes major attention to the well-known 
Blue Shield Plan. 


June, C.G. Two Essays on Analytical Psychol- 
ogy. New York (17 Union Square): Meridian 
Books, 1956. 347 P. $1.35. 

The two essays, “The Relatives Between The 
Ego and the Unconscious” and “On the Psychol- 
ogy of the Unconscious” sets forth the essential 
core of the Jung system. The works which have 
taken over 30 years to mature and the successive 
editions reflect the changes in Jung’s thought 
over the intervening years. 


Grsss-Smirtu, C. H. AND Braprorp, L. E. World 
Aircraft Recognition Manual. New York (31 
East 10th Street): Graff, Inc., 1956. 269 P. 
$3.50. 

The purpose of this book is to train a person 
to recognize aircraft in a fraction of a second. 
The planes are arranged by their most dominant 
characteristic-style of wing. The book is more 
than a guide to aircraft identification. It provides 
accurate information on over 240 civilian and 
military aircraft, including helicopters, in use 
throughout the world. There are innumerable 
illustrations for aid in recognition. This should 
be an excellent aid to amateur and ground ob- 
server corp personnel. 
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a dramatic advance in the effective teaching 
of physics... announcing 


@ag@ BASIC PHYSICS 


by Dr. Alexander Efron 


STUYVESANT HIGH SCHOOL, N.Y.C. 


At last, the very physics text that you have always 
wanted, the one that you have always felt the need 
for...the one that means more effective instruction — 
Better students! 


MORE EFFECTIVE INSTRUCTION — GREATER STUDENT INTEREST 


Written by Dr. Alexander Efron, dedicated educator 
with more than 25 years of physics teaching experi- 
ence, BASIC PHYSICS is a new, thoroughly modern 
text with a new teaching approach offering an enriched 
course in intermediate physics for HIGH SCHOOL 
and JUNIOR COLLEGE students. It is designed to 
make instruction more effective, bringing out the best 
capabilities of your student, and at the same time, 
motivate student interest. Basic Physics is compre- 
hensive, up-to-the-minute, technically accurate, and is 
supported by carefully prepared, detailed illustrations 
that enhance the text. It provides a concrete founda- 
tion on which the student may build all future studies. 


A NEW TEACHING APPROACH 


These thoroughly readable textbooks comprise a 
psychologically organized course in intermediate phy- 
sics using the “spiral” approach. Volume I offers an 


overall view of most of the simpler material of the 


standard course. Volume II covers more difficult topics 
as well as a “deeper” and a more analytical look at 
those topics which have been previously presented in 
a purely descriptive and empirical fashion. This two 
volume work (single binding) constitutes an integrated 
year’s course, the study of which fully satisfies the 
requirements of College Boards as well as all local, 
regional and State syllabi. 


IN ADDITION TO THE CLASSICAL SUBJECTS, THESE ARE 
SOME OF THE VITAL, MODERN, UP-TO-THE MINUTE SUB- 
JECTS COMPREHENSIVELY COVERED IN EFRON’S BASIC 
PHYSICS ...does your present text cover them? 


@ Heat: a form of energy in transit @ Levels or “hills” of 
energy @ Transport of heat; heat “carriers” @ Penetra- 
tion of the ionosphere @ Physical vs psychophysical sound 
@ Hearing, speech and music @ New Permanent magnets 
@ Ferroelectrics @ Magnetic domains @ Ultrasonics 
@ Oxidation-reduction in electric cells @ History of sub- 
atomic particles @ Reflection and refraction; Huyghenian 
approach @ Terminology of illumination @ Schematics of 
heat engines @ Electric current: non-“hydraulic” approach 
@ Alternating currents; single and polyphase @ Transis- 
tors; solar battery @ Nuclear energy @ Research and 
power reactors. 
BASIC PHYSICS is available now! 
#195 Two volumes in a single cloth binding, 724 pages, 
6%” x 9%", approx. 800 illustrations, $7.60 list. 
Order your review copy today by using coupon. 
School Discounts Apply 
a7" JOHN F. RIDER PUBLISHER, INC. SE-12 
Fatmm Fas '16 West 14th St., New York 11, N. Y. 
Please rush a review copy of Efron’s BASIC PHY- 
SICS for 30 day examination. If I want to keep this 
book, I’ll pay invoice (instructor’s discount applies) ; 
otherwise, I'll return the book in 30 days. 
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APPLEBAUM, STELLA B. AND KAvinokKy, NADINA 

R. Understanding Your Menopause. New 

York (22 East 38th Street): Public Affairs 

Pamphlets, 1956. 38 P. $.25. 

The menopause has been the dread of millions 

of women and in former days was approached 

; with dread and fear, a period of inevitable suffer- 
» ing and often an untimely end. 

This pamphlet presents the scientific facts now 

available so that today’s woman may approach 
her menopause without fear. 


‘ Barnouw, ErtK AND CLARK, E. Gurney. Syphi- 
] lis: The Invader. New York (22 East 38th 
f Street): Public Affairs Pamphlets. 28 P. 

$0.25. 
Syphilis (named after an Italian shepherd of 

: 1530) has long been a scourge of the human 

‘ race. In 1934 it was the leading cause of insanity, 

heart trouble, and death. In 1942 it caused more 

' deaths than diptheria, infantile paralysis, malaria, 


rheumatic fever, whooping cough, measles, dysen- 
tery, and septicemia combined. In 1943 World 

' War II selective service blood tests showed in 
some states that over one-fifth of those tested had 
syphilis. Then came penicillin which proved to be 

a a specific remedy. It cured immediately where as 
other treatments had taken months or years, or 
never really cured. Many problems yet remain 
in spite of the great reduction in number of cases. 
We may presently be too optimistic about the 
prevalance of syphilis. 


KEYNES, JOHN Maynarp. Essays and Sketches 
in Biography. New York (17 Union Square) : 
Meridian Books, 1956. 347 P. $1.35. 
3iographical sketches include: Robert Malthus, 

Alfred Marshall, F. Y. Edgeworth, F. P. Ramsey, 

William Stanley Jevores, Winston Churchill, 

Lloyd George, Bonar Law, Lord Oxford, and 

Edwin Montague. 

Essays include: Dr. Melchoir; A Defeated 
Enemy; My Early Beliefs; The Council of Four, 
Paris, 1919; Trotsky on England; Newton the 
Man, The Great Villiers Connection, and Mary 
Paley Marshall. 


Haven, Connecticut: Clock Manufacturers As- 

sociation of America, Inc., 1954. 54 P. $1.00. 

This is the story of the art of telling time from 
earliest days. Contents include: The Idea of 
Time, Man Learns to Measure Time, Early 
American Clockmakers, The Birth of Mass Pro- 
duction, A Century and a Half of Progress, and 
American Watches. There are numerous illu- 
trations as well as photographs of early clocks. 


PALMER, Brooks. The Romance of Time. New 


HAZELTINE CORPORATION LABORATORY STAFF 
Color Television Receiver Practices. New 
York (480 Canal Street) : John F. Rider, Pub- 
lisher, Inc., 1955. 208 P. $4.50. 

This book gives a broad overview of the whole 
field of color television—requirements, descrip- 
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tion of transmitted signal, and various parts of 
the receiver, and the laboratory equipment needed 
for color television work. Illustrated. 


Joun F. River Laporatories Starr. Picture 
Books of TV Troubles. Volume 5: Horizontal 
Output and H-V Circuits. New York (480 
Canal Street): John F. Rider, Publisher, Inc., 
1956. 100 P. $1.80. 


This is the fifth in a series of volumes which 
reports the results of trouble shooting a large 
number of TV receivers. There are numerous 
illustrations. 


KAUFMAN, M. AND THomMAs H. Introduction to 
Color TV. New York (480 Canal Street): 
John F. Rider, Publishers, Inc., 1956. 160 P. 
$2.70. 

This is the second edition of a book on color 
television that has proved to be very popular with 
amateur and technical color-vision enthusiasts. 
It seems to be adequately illustrated and well- 
written. 


CoHEN, ABRAHAM B. Hi-Fi Loudspeakers and 
Enclosures. Néw York (480 Canal Street): 
John F. Rider, Publishers, Inc., 1956. 368 P. 
$4.60. 


Well-written, vividly illustrated this fine book 
was written by a musician and engineer who has 
been intimately connected with the field of ac- 
coustics, particularly loud speakers and enclosures 
for many years. 


Levey, ALEX W. Radio Receiver Laboratory 
Manual. New York (480 Canal Street) : John 
F. Rider, Publisher, Inc., 1956. 105 P. $2.00. 


Some 33 laboratory experiments are presented 
in this workbook designed to give students in 
radio service a good basic introduction into the 
construction, testing, and repair of a radio re- 
ceiver. ‘ 


Piatt, Sipney. TV Repair Questions and An- 
swers. New York (480 Canal Street): John 
F. Rider, Publisher, Inc., 1956. 128 P. $2.10. 
This is the fourth in a series of Question and 

Answer books on practical television servicing. 

It covers servicing aspects of horizontal and verti- 

cal deflection systems, high voltage circuits, keyed- 

age systems, and deflection yokes. 


Mark, Davin. How to Select and Use Your 
Tape Recorder. New York (480 Canal Street) : 
John F. Rider, Publisher, Inc., 1956. 148 P. 
$2.95. 

This book describes the uses of magnetic tape 
recorders and can be used as a guide in selecting 
a machine to meet individual requirements. The 
book is excellently illustrated. 

Persons considering the purchase of a tape 
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recorder or those already using one will find this 
a very good book to read. 


Mark, Davin. Basics of Phototubes and Photo- 
cells. New York (480 Canal Street): John F. 
Rider, Publisher, Inc., 1956. 136 P. $2.90. 


Explanation of the principles and practices in 
using phototubes and photocells in their many 
applications of electronic devices are given in this 
illustrated book. 


ScuurRE, ALEXANDER. Multivibrators. New York 
(480 Canal Street): John F. Rider, Publisher, 
Inc., 1956. 52 P. $.90. 


The many and varied uses of multivibrators are 
explained in this book by illustrations and textual 
material. 


Scuure, ALEXANDER. Inverse Feedback. New 
York (480 Canal Street) : John F. Rider, Pub- 
lisher, Inc., 1956. 48 P. $.90. 

This book, the fifteenth book in the series, ex- 
plains the principles and applications of inverse 
feedback as applied to a great variety of electronic 
devices. 


Scuure, ALEXANDER. R-F Transmission Lines. 
New York (480 Canal Street) : John F. Rider, 
Publisher, Inc., 1956. 63 P. $1.25. 

This book presents both theory and applications 
of important ideas pertaining to the basic types of 
R-F transmission lines. There are numerous 
graphs and illustrations. 


Scuure, A. AM Detectors. New York (480 
Canal Street): John A. Rider, Publisher, Inc., 
1955. 64 P. $1.25. 

AM detectors are an integral and important 
part of most communications and electronic equip- 
ment. This illustrated booklet reviews the most 
important concepts and principles in this area. 


Scuure, A. Limiters and Clippers. New York 
(480 Canal Street): John F. Rider, Publisher, 
Inc., 1955. 64 P. $1.25. 

This is a book for the practitioner in electronics. 

Illustrated. 


ScHurE, ALEXANDER. Crystall Oscillators. New 
York (480 Canal Street): John F. Rider, 
Publisher, Inc., 1955. 72 P. $1.25. 

The study of oscillators is an integral part of 
every curriculum in electronics. This book gives 
a comprehensive overview of the field of crystal 
oscillators. Illustrated. 


Scuure, ALEXANDER. Frequency Modulation. 
New York (480 Canal Street) : John F. Rider, 
Publisher, Inc., 1955. 48 P. $0.90. 

This pamphlet gives a comprehensive review of 
the more important principles of frequency modu- 
lation. Illustrated. 
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ScuurE, ALEXANDER. Amplitude Modulation. 
New York (480 Canal Street): John F. Rider, 
Publisher, Inc., 1956. 64 P. $1.25. 


Both basic principles of amplitude modulation 
and certain methods used to accomplish this modu- 
lation are described in this well illustrated book. 


Scuure, ALEXANDER. Wave Propagation. New 
York (480 Canal Sireet): John F. Rider, 
Publisher, Inc., 1956. 48 P. $0.90. 

This book makes understandable a knowledge 
of wave propagation so essential to an understand- 
ing of radio communication, television, radar, and 
similar systems. 


Scuure, ALEXANDER. Superheterodyne Convert- 
ers and I.F, Amplifiers. New York (480 Canal 
Street): John F. Rider, Publisher, Inc., 1956. 
56 P. $0.90. 

This book is Volume 12 in the Rider Electronic 
Technology Series. It provides a clear explana- 
tion of the theory underlying the operations of 
mixers and converters, and the theory of the LF. 
amplifier. 


ScHureE, ALEXANDER. Blocking Oscillators. New 
York (480 Canal Street) : John F. Rider, Pub- 
lisher, Inc., 1956. 72 P. $1.25. 

Blocking oscillators serve a variety of uses in 
many applications of modern electronic circuitry. 
This well illustrated book gives a comprehensive 
explanation of operating features, pertinent de 
sign factors, and applications. 


Jounson, J. RiIcHArp. elevision: How It 
Works. New York (480 Canal Street) : John 
F. Rider, Publishe r, Inc., 1956 346 P $4.60 


This book explains the how and why of modern 
television receivers in simple and direct terms 
The book is designed for the service technician, 
the television student, the experimenter, or hob 
byist, and laymen who are really interested in 
how television works. The only prerequisite is 
a rudimentary knowledge of electricity and radio 
circuits. 

The textual material is abundantly illustrated 
and there are many review questions. 


SEARLES, HerBert L. Logic and Scientific Meth- 
ods. New York (15 East 26th Street): The 
Ronald Press Company, 1956. 378 P. $4.25. 


This is the second edition of a text that proved 
to be quite popular in its original introduction. 
Exposition proceeds from the familiar and con- 
crete to the abstract. This makes for much 
greater ease of reading and understanding by be- 
ginning students of logic. 

A little less than half of the book is devoted to 
scientific methods which seem to be quite ade- 
quately discussed. The book is very readable. 
The author is professor of philosophy at the Uni- 
versity of Southern California, Los Angeles. 
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BENEDETTI-PicHLer, A. A. Essentials of Quanti- 
tative Aanalysis. New York (15 East 26th 
Street): The Ronald Press Company, 1955. 
666 P. $15.00. 

Essentials of Quantitative Analysis is designed 
as a text and laboratory manual adaptable to al- 
most any level of instruction and as a reference 
for practicing analysts on techniques and stand- 
ards of performance. 


Symposium. New Channels for the Golden Years. 
Newburgh, New York: Senator Thomas C. 
Desmond, 1956. 151 P. Free. 

This symposium is a report by the New York 
State Joint Legislative Committee on Problems of 
the Aging. Among the numerous articles are 
The Aged in the World by John V. Grauman, 
Aging in the Modern World by Mrs. Eleanor 
Roosevelt, Basic Needs of Blind, Aging Per- 
sons by Helen Keller, Labor and the Forty Plus 
by Louis Hollander, The Major Need: Physio- 
logical Research on Senility by Mike Gorman, 
and New Developments in the Field of Arthritis 
by Russell L. Cecil. 


The Puzzle of Prosperity; Automation: What's 
Ahead? Washington, Connecticut: Center for 
Information on America, 1956. $0.25. 


The first of the above two guides traces the 
development of our economy from colonial times. 
It emphasizes the joint responsibility of govern- 
ment, business, and the individual citizen in con- 
tinuing our economic growth. 

Automation: What’s Ahead is concerned with 
technological progress and its affects on Ameri- 
can Life. 


Gorpvon, Davip. How to Draw in 3rd Dimension. 
New York (313 West 35th Street): The 
William-Frederick Press, 1955. Unpaged, 
$2.00. 

Simplified directions for drawing in 3rd dimen- 
sion are given. The book lends itself for general 
public use in the pursuit of a fascinating hobby, 
and for technical and commercial purposes. 


Symposium. Casting Aluminum. Louisville, 
Kentucky (2500 South Third Street): Reyn- 
olds Metals Company, 1956. 130 P. Free. 
This is a technical handbook designed to give 

a better understanding of the design and produc- 

tion of aluminum castings. 


Antuony, H. D. Science and Its Background. 
New York (103 Park Avenue): St. Martin’s 
Press, 1955. 337 P. $4.00. 

This is the second edition of a book that proved 
quite popular in its first edition. The author 
presents the development of science as part of the 
general process of the development of civilization. 
Most of the chapters center around the work of 
individual men of science, selected not merely as 
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a part of scientific history, but because of their 

value today. The new edition has two new chap- 

ters on post-war utilization of scientific develop- 

ments, and the pursuit of science for its own sake. 
The author is a noted English scientist. 


BLevins, Lewis G. AND Crow, LEoNARD R. Ex- 
perimental Electronics for the Beginner. Vin- 
cennes, Indiana: Universal Scientific Company, 
1955. 360 P. $3.50. 

This book is arranged in 70 profusely illus- 
trated exercises dealing with the subject of funda- 
mentals of electronic components and fundamen- 
tal electronic circuits. Only a knowledge of 
elementaly mathematics is required. 


FEINGOLD, S. NorMAN. Words for Work. Bos- 
ton (72 Franklin Street): Jewish Vocational 
Service, 1955. 140 P. $1.00. 

This is a book for English teachers, vocational 
and placement counselors dealing with persons of 
limited conversational English. English words are 
given and the corresponding German word. 


KNOWLES, MAtcotm S. Teaching Adults in In- 
formal Courses. New York (291 Broadway): 
Association Press, 1954. 71 P. $1.00. 

This pamphlet discusses two major ideas: How 
to Teach Adults and Informal Courses. The first 
relates to purposes, philosophy, principles, meth- 
ods, materials of teaching and measuring prog- 
ress. The second part discusses the nature, role, 
and organization of informal courses, scheduling, 
selecting and supervising instructors, administra- 
tive procedures, and financial practices. 


Symposium. Textbooks in Print. New York 
(62 West 45th Street): R. R. Bowkers Com- 
pany, 1956. 229 P. $1.00. 


This 85th annual edition is under the new title 
Textbooks in Print. Elementary, Junior, and 
Senior High School Books are listed by author, 
title, and classified by subject. Some 12,000 books 
are included. All sorts of persons will find the 
book useful: curriculum workers, bookstores, 
school purchasing agents, libraries, individual 
teachers, research workers in various areas and 
aspects of pre-college education. 


Oxveck, Howarp L. Non-Profit Corporations and 
Associations. New York (70 Fifth Avenue) : 
Prentice-Hall, Inc., 1956. 460 P. $10.00. 
This is a “how-to-do-it” manual for the hun- 

dreds of not-for-profit enterprises active in to- 

day’s business and community affairs. The book 
gives practical, step-by-step information on how 
to form, operate, and dissolve them. The book 
shows how to avoid legal mistakes, save time, 
and effort at every step of the operation. 

Seemingly every aspect of initiating, incorporat- 
ing, powers, acts, conducting meetings, officers, 
constitutions, by-laws, voting, elections, employees, 
taxes, bankruptcy, and so on have been adequately 
covered. 
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New Catalog offers 


money-saving “one order” service! 


Kimble—now your most complete 
source of laboratory glassware . . . pro- 
vides KIMAX “hard glass” for its ex- 
ceptional durability! 

Kimax...Kimble’s new laboratory glass- 
ware made of tough, hard KG-33 borosili- 


modify by using simple glass blowing tech- 
niques. KG-33 tubing is readily available 
for your special glass blowing requirements. 
Now—earn maximum discounts offered by 
most laboratory dealers, by ordering all 
your laboratory glassware from one catalog! 











ome Gass... .amures maximum durability, [CC 8 22 222s 7 
dependability. extra long life. Kimble Glass Company 
ag d ty, € Sa | Subsidiary of Owens-Illinois, | 
Kmmax ... for highest standards of ther- | Dept. B, Toledo 1, Ohio | 
mal and mechanical shock resistance. | Please send new Kimble Catalog, which in- | 
" ' ; | cludes new KIMAX “hard glass” ware. | 
Kimmax ... for outstanding resistance to 
chemical attack. This means long life with Name — 
sparkling clarity. | Firm —— | 
Kimax...completely interworkable with | Address —— 
your existing “hard glass” ware...same co- | Position ee, 
efficient of expansion...easy to repair and ic nips ah AGED Gen een ee ee Eerste annem an 
KIMAX is a registered trade-mark of Kimble Glass Company 


KIMBLE LABORATORY GLASSWARE 


an (I) PRODUCT 


Owens-ILuino!Is 


GENERAL OFFICES + TOLEDO 1, OHIO 
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Welch Accurately Scaled SYNTHETIC 
Full-size Adult and Miniature 


SKELETON MODELS 


Produced by skilled craftsmen under competent medical guidance. 


Made of 
Durable 
Washable 
SYNTHETIC 
COMPOSITION 
to 
Resist 
Alkalies and 
Acids. 


Preferable to 


human bone for 





all general 
purposes. 
BREAKAGE- 
RESISTANT 
No. ZK500 
Compact only 26 inches tall. Minia- 
ture Skeleton. Painted. The muscular 
origins are painted in blue, and the 
muscular insertions are in red on one 
No. ZK402 side of the skeleton. Complete with 
er <n wooden case. Plastic cover and illus- 
origins are painted in red and the trated key card.—Each $137.00 
muscular insertions in blue. The var- 
ious muscles are marked and labeled No. ZK510 not painted.—Each $115.00 


on one side. The skeleton is complete, 
with stand, plastic cover and_ illus- 
trated key card.—Each $278.00 


WRITE FOR COMPLETE CIRCULAR 


W. M. Welch Scientific Company 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
1515 Sedgwick Street, Dept. V Established 1880 Chicago 10, Illinois, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Sometimes there's another approach... 


Ordinarily you’d see a user of the microscope looking down. 
March of Dimes scientists use the microscope upside down 
to study the growth of viruses used in research on new drugs. 
Techniques adapted to the particular needs of medical in- 
vestigations have brought us to the brink of a tremendous 
era in fighting disease and providing freedom from pain. 


March of Dimes research on viruses and cells will be greatly 
expanded in the future, so that “leads” which promise hope 
may be tracked down by scores of determined scientists, 
From your contributions to the March of Dimes will come re- 
search the entire world of science is watching. And from this 
research should come new protection and new treatment of 
many ills that now plague mankind. 
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| 
to better your biology program 





BIOLOGY 1 


by Kroeber, Wolff, Weaver 


Give your students an up-to-date and down-to-earth 
biology text that will make the subject live for 
them. Emphasis is on the biology of man and his 
relationship to other animals and to plants. Easy 
reading is one of its most talked-about features, 
as is its colorful format, rich in illustrations, 
charts, and diagrams. Teacher’s Manual, Work- 
book and Laboratory Manual, and Comprehensive 
Tests complete the program. 


. . . and to enrich your other science 
classes, these outstanding texts— 


PHYSICS—THE STORY OF ENERGY, Second Edition 
by Brown and Schwachtgen 


Highly praised for its inductive approach and its handling of mathematics. 


EARTH SCIENCE, A Physiography, Third Edition 
by Fletcher and Wolfe 


Timely material concerning the nature of the earth and its history. Each of 
the 33 chapters contains a completion summary and self-test. 


CHEMISTRY IN ACTION, Third Edition 
by Rawlins and Struble 


A colorful, modern revision with thorough coverage of the field. Correlated film 


list, new end-of-chapter problems. 


SEMIMICRO LABORATORY EXERCISES IN 
HIGH SCHOOL CHEMISTRY, Second Edition 


by Weisbruch 
The most widely used high school semimicro manual in print. Varied experi 


ments fit any high school course. 


For further information, write the Heath office nearest you 


D. C. Heath and Company 


Sales Offices: Englewood, N. J. Chicago 16 San Francisco 5 
Atlanta 3 Dallas | Home Office: Boston 16 
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